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WORKSHOP ON PRODUCTIVITY AND EQUITY IN 
IRRIGATION SYSTMS IN INDIA 


Implementation of the government policy concerning pro- 
ductivity and equity in India is handicapped by three fold 
reasons. First, the area is marked by the paucity of 
research and the little research that has been done in this 
field is of isolated nature. The researchers with engineering 
background have confined themselves to the analysis of techni- 
cal aspects while the social scientists have not gone beyond 
socio-economic surveys and organisational and financial ques- 
tions, Second, there is hardly any documentation of the 
experiences of executors of the policy (administrators, engi- 
neers, etc.) both in terms of success achieved towards this 
end as well as the identification of various kinds of practical 
difficulties involved in the process. Third, the research 
procedure and methodologies which are currently in vogue and 
concern with productivity and equity aspect, have hardly been 
discussed in India by way of organising workshops, research 
fora, etc., with a view to reviewing their relative strength 
and weaknesses. In view of the existing state of affairs, we 
propose to invite two sets of experts for the workshop. One 
set would consist of administrators, engineers and others who 
have actual experience of operationalizing the concept of 
equity and productivity in the field. The other set would 
include researchers, with an inter-disciplinary orientation, 
having conducted (or conducting) empirical studies pertaining 
to equity and productivity preferably at a micro level. 
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The major thrust of the workshop would be to carry out 
detailed disoussion among the various experts - practitioners 
(administrators, engineers, etc.) as well as the researchers, 
over the issues relating to productivity and equity in- irriga- 
tion systems in India. It is expected that the contributions 
from the participants would help in analysing, at length the 
existing state of research and suggesting ways and means for 
improvements in irrigation systems in India. The sessions 
alongwith the topics to be discussed would be as under ; 

Session I - Research Methodology 

The relevance of inter-disciplinary approach to study 
equity and productivity aspects with involvement of the 
following Issues : 

i. Theory and concept of productivity and equity. 

Are there any major logical weaknesses or any 
major ommissions? 

ii. Is there any room for improvement in research 
methodology for the analysis of productivity 
and measurement of equity? 

Session II - Administrative measures for augmenting 

productivity levels and enforcing equity t 

i. Measures taken, 
li. Difficulties experienced, 

iii. Net result obtained. 

(Administrator/Engineer invitees would be expected to 
present specific cases in the above context^' 
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II I “ Micro-level case studies by researchers 

i. Choice of the problem. 

ii . Operationalisation of the concepts 
used in research. 

iii. Methodology adopted including 
method of measurement,. 

iv.. Findings arrived at. 

(Researchers, of various disciplines like social 
scientists, engineers and agronomists will be 
requested to present micro-level case studies 
based on empirical data) ' ‘ ' 


Se ssion IV - Summary conclusions and recommendations 



rnggCTiyiTY AND EQUI TY IN IRRIGATION SYSTEM S 
IN_, INDIA ; ANALYTICAL AND. EMPTHlciL ISSUES 


P . K , RAO * 

abstract 

There is urgent need for the assessment or irrigation 
efficiencies in a fairly comprehensive manner so as to provide 
details of component-specific efficiencies in the main agricul- 
tural seasons in different geographic regions within the 
command area of each of the major and medium irrigation 
projects. This information, when transformed into marginal, 
productivity implications (with the detailed break-up corres- 
ponding to the above) enables the policymakers to attempt to 
maximize economic welfare by choosing a mix of policy 
intervention strategies (involving amongst others, physical 
structures, management and institutional innovations). The role 
of uncertainty and risk element in determining productivity is 
analysed. This aspect, in conjunction with equity factor 
generates alternative production - possibility - frontiers 
leading to articulation of trade-ofD frontiers in relation to 
different intervention strategies and investment decisions. 
Towards the last part of the paper, the quality of information 
relevant for the assessment of productivity and equity along- 
with administrative and other institutional ramifications is 
discussed. 


Director, Centre for Development Research, 
C/15, Madhura Nagar, Hyderabad - 500 890. 


The objective of this paper is first to articulate issues in 
formalising conceptual framework within the context of regional 
and sectoral development; subsequently the operational problems 
involved in translating the desired/ desirable objectives into 
practice are discussed. Here productivity and equity are 
analysed with reference to those applicable for water as ■ the 
key input in the development process. 

One of the obvious and simplest approaches to the concept of 
productivity of water is physical aspect; change in agricultu- 
ral production of specific crops (in quantity terms) with 
changes in availability/water use. This, however, is 
conditional upon the geographic location, agricultural season, 
choice of crop; it may also be distinguished in average and 
marginal terms, at the farm level and for the sub-regions or 
the entire command area of an irrigation system. Since the 
physical productivity by itself is not necessarily reflective 
of welfare of producers/consumers in a society, it is highly 
desirable to analyse within the framework of economic 
dimensions. 

The major problem in devising irrigation management schedule 
so as to maximize productivity of water assessed in economic 
terms (value of production) is that the assessed productivity 
would be subject to random variations in agricultural commodity 
prices and hence the need to recognise a stochastic parameter ' 
in productivity. Strictly from a general welfare point of view, 
we should seek policies which result in Pareto-optimal welfare 
within the defined framework of welfare of different sgnents of 
the society. Productivity implications can be viewed in this 
approach, when we' are referring to aggregate/sectoral/national 
policy issues : the direct and indirect net benefits to society 
as a result of varying levels of economic productivity. For 
the present purpose we confine our attention to productivity 
considerations within a given irrigation project/ command area 

and therefore the global welfare parameters need not be a major 
concern. 
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At this stage it is necessary to clarify the policy framework 
within which we propose to analyse productivity aspects. This 
is necessary for the purpose of operational relevance of the 
concept of productivity. If the command area is fixed in size 
and defined in terms of agro-climatic and geo-hydrological fea- 
tures, the productivity of water can be affected by choice of 
appropriate interventions in i) release of water into different 
sections of the irrigation network; ii) choice of appropriate 
technology for water distribution system selective lining of 
canals, control structures etc; iii) institutional mechanism 
for effective enforcement of water distribution rules -• adminis- 
trative. component and role of farmers organisations iv) monitoring 
and concurrent evaluation of performance of system and different 
components; v) improved on-farm efficiency of water use and choice 
of crops; vi) augmenting water supplies with ground water and 
rain water; vii) other economic interventions in the form of 
incentives for higher productivity, price fixation for different 
commodities in terms of support prices etc. Some of the points 
given above refer to economy in the water management system. 

Efficiency Aspects ; 

The definition of efficiency in irrigation system could be broadly 
characterised either in terms of hydrogeological (i.e. water use 
efficiency or irrigation efficiency) or socio-economic (Producti- 
vity/growth and social justice) parameters. As recommended in 
a recent National Seminar at the Administrative Staff College of 
India on Multi-disciplinary Organisation Structure for Irrigation 
Projects (October, 1981) : 

"In the ultimate analysis irrigation efficiency is to be measured 
with reference to the primary objective of irrigation, namely, 
irrigated agriculture which is the end product of a long process. 
Thus, the efficiency of the system as a whole can be measured 
via efficiency of irrigation agricultural production. The latter 
can be expressed in terms of output per unit of the scarce factor, 
which may be land in some cases and water in others. More 
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specifically, the measure of efficiency can be a ratio 
representing the relationship between physical output projected 
in the appraisal report, or any other revised value accepted 
as a criterion. Defined in this way, efficiency of the 
irrigation system as a whole will emphasise the role which each 
sub-system plays in irrigated agricultural production.” 

However, attempts to evolve non-controversial definitions in 
precise terms about irrigation systems efficiency are bound to 
be met with considerable resistance as they cannot be divorced 
from relevant environmental, socio- cultural and political 
institutions. In specific regional economies market and non- 
market factors tend to effect any prespecified criterion of 
irrigation efficiency or water use efficiency in varying degrees. 
■The crux of the problems lies in isolating the relative impacts 
of these factors and in evolving a pragmatic approach which 
would mean finding out a judicious mix of workable interventions. 
These could, for example, emphasise on appropriate safeguards 
on water rights, water pricing, guidelines for water distribution 
at the retail outlet, the basic structuring of release of water 
in terms of demand responsiveness and/or adhoc supply rules. A 
mix of these alternative^ choices in conjunction with other 
socio-political factors result in certain end-products in terms 
of agricultural production, agricultural income and its distri- 
bution across regions and sections of the society. 

In respect of assessment of irrigation project efficiency, • 
amongst the criteria suggested from the hydrological point of 
view of utilisation of water are : i) field application 
efficiency, ii) distribution efficiency, iii) conveyance effici- 
ency, iv) tertiary unit efficiency, v) irrigation system 
efficiency and vL) overall or project efficiency. It is stated 
by Bos and Nugteren ; 

/'Water utilisation efficiency was used .. , as the main 
criterion or characteristic of performance. The use of 
this single, normative judgement has the advantage that 
any physical or socio-organizational feature can be 
tested against the same yard- stick, while it also allows 
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a simple prediction of the combined effects of these 
features when being contemplated for planning purposes. 
Criteria like crop yields or financial returns per 
volume unit of water were not applied .. as these would 
only partially reflect effects of irrigation ..."(p.12) 

The risk in using water, utilization efficiency *(mJE) as the 
main criterion for assessing the performance of irrigation 
projects is that this hydrologically determined characteristic 
when used for policy decisions, particularly investment 
decisions, may often lead to misallocation of investment : this 
happens when the target is to maximise ¥UE. Given the socio- 
economic features prevailing in a country (along with the 
projections for future - with an without the contemplated 
irrigation projects) it may be optimal, from the welfare point 
of view, to attain only a critical range of WUE (for example, 
it may work out around 50 per cent) particularly because the 
incremental costs of achieving higher V/UE may not be commensu- 
rate with the incremental benefits. Financial return per unit 
water reflects only a partial effect of irrigation s the 
economic return (using social cost benefit analysis) per unit 
water is relevant in many situations to evaluate the impact of 
irrigation, particularly when the cost of providing additional 
water is evaluated in terms of social cost. 

When the efficiency criteria are used for "evaluating the water 

utilization efficiency on existing projects and finding methods 

to improve system conditions or even optimize them" (p.72) (Bos 

and Nugteren) , sufficient care should be taken to formulate 

properly what are given in a specific project to which improve- 
, , be 

ment or optimization is sought. It woulcy erroneous to include 

cropping alternatives as possible choices, disregarding the 

market situation of different agricultural commodities, in 

order to optimise the project efficiency. The tendency to deploy 

the hydrological efficiency criteria to prescribe agricultural 

production should be avoided. These criteria are meaningful 

and useful when the agricultural production system is treated 

as given and then improvements to attain higher levels of 

different types of effioiency are explored (Rao)? 


5 


Equity Aspects ; 

/iccordlng to Arthur Mass and R.L. Anderson^; 

’’equity is to govern the exercise of any discretion that 
canal officers have when they enforce orders and 
regulations for water distribution and to govern the 
legislators’ discretion when they fashion these rules 
from formal concepts " 

Operational equity in irrigation water availability in the 
command area is an important feature and common problem in most 
of the irrigation projects in India is the tailend problem. 
Farmers at the tailend receive no water at all or disproporti- 
onately small amount of water. It is a different question 
whether there was inappropriate demarkation of the command area 
in terms of its size and coverage of specific geographic regions. 
Another important aspect which is reflective of the equity problem 
is the gap between irrigation potential created and utilised 
(despite certain conceptual problems in defining these two 
terms). If the available irrigation statistics are to be taken 
seriously, there is terrible gap between the irrigation poten- 
tial created with massive investments and the potential 
utilised. Even discounting part of the officially stated gap 
has motivated due to differences between Revenue Department 
and Irrigation Department, still the residual gap would be 
distributing as that would imply of non— realisation of benefits 
from considerable investments and more and more the inequitable 
utilisation of water. Its common that farmers at the upper 
reaches of the irrigation system resort to multiple wet crops 
whereas those at the tailends and are those outside the system 
realise, hardly one-third of the benefits corresponding to the 
more privileged group. 

A number of Committees, both State level and Central level, have 
visited the various projects to study and identify the maladies 
and to suggest remedial actions. The Irrigation Commission also 
dealt with the subject. Prominent among the many factors and 
deficiencies identified are; 
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i) Canals are not maintained properly and do not carry 
the designed discharges. 

ii) Conveyance losses are heavy in some reaches necessi- 
tating lining. 

iii) The outlet are not always located properly and cannot 
Supply the designed discharge* 

iv) Watercourses and filed channels are not constructed even 
years after the canals are ready* Where constructed, they 
are not maintained properly. 

v) OFD works are not properly taken up. 

There are several issues involved in the assessment of 
uncertainty in farm water supply. A reasonably accurate 
estimation of probability distributions of farm supply over 
time and quantity at a few different locations in the canal 
command could throw light on the expected value and variance of. 
water availability in different periods of a season. However, 
data limitations are likely to forbid such an attaapt. The 
existence of two-level rationing introduces an element of , 
uncertainty in the sense that the probability of availability 
of requisite amount of water during any week at farm level is 
conditional upon the probability of required supply flowing 
into the channel in that period and' if the numerical value of 
the later is low the value of the former is lower. This does 
not however, imply that there is a decrease in the expected 
value of water availability nor an increase in its variance in 
a given period as far as the farms at the tail-end (which 
constitutes nearly 20%) of the canal command, areas. It could 
mean lowering of the expected value of farm supply for the 
other farmers, the magnitudes of reduction progressively 
increasing with the proximity of land to the canal head. This 
is a distributive justice requirement and since the compromise 
involved (if any) in growth/eff iciency by production does not 
seem to be significant, the vaster rationing system merits its 
existence. 

According to Heidinger V 

"Control over timing and quantity of water supply would 
enable 'the farmer to equate marginal revenues and costs 
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from water applied, and to eliminate one source of risk 

operations. Even without water control - 
a highly _ predictable and certain water supply would 
permit him ^ to approach profit maximization with precise 
farm planning, and actual outcomes should closely match 
expectations. However, as the certainty of his water 
supply decreases, the farmer must reduce the level of 
all inputs, and thus output and profits, in order to 
decrease the chance of loss. Such risk adjustments 
sacrifice per _ acre output and profit for a higher proba- 
bility of positive net returns. 


A similar risk adjustment can also occur in water manas- 
ement, resulting in a water- application rate well below 
the economically optimum _ level in order to assure that 
marginal cost, and certainly remains non— negative. 
Agronomic , ^ climatic , and soil factors can, however, 
severely limit the possible reduction in water application 
rates. The farmer may therefore diversify his crop 
pattern as an additional' risk adjustment and include 
drought resistant but low— valued crops, such as gram’*. 

If the degree of certainty required in water supply is 

very large (exceeding probability say, 0*8) , it 'is 

practically impossible to have a canal irrigation system 
simply because the incremental costs of ensuring greater 
degree^of^ certainty keep increasing and may often not 
niGGy tliG incr'GiiiGn't-3.1 bGiiGfiibs viG'W’Gd fr'om q. higcpo op 
regional policy view point. It should be noted that the 
theory given applies to probably a typical rational farmer. 
If one exists, who has no other objectives except profit; 
however, the decision-making process of different classes 
of farmers in a given agro- climatic region depends largely 
on their land holding pattern and probably only the rich 
class ^ can ^ consider the only objective, viz. profit 
maximization, whereas others have constraints like 
domestic consumption requirements (and feed and seed etc.) 
snd in this case the marginality conditions do not hold 
^ since maximizationoff,. (x) is not same as max f (x) subject 
to g (x)^c, other things remaining the same). If farmers 
diversify the crop pattern as part of risk adjustment 
and produce grams ^ (low- valued) there is nothing unwelcome 
about it^in a socio-economic sense, as this production 
pattern is likely to benefit poorer sections of the 
community - additional supply of grams (and other inferior 
cereals) help reducing market price of food which is 
mostly consumed by the urban and rural poor. 

,5 

According to Mellon'' et^al j 

■'Water will generally produce a higher return if it is 
spread relatively thinly. As more and more water is 
given per acre, the yield per acre rises, but returns per 
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acre-inch of water decline. Thus the protective 
policy of making relatively small quantities of water 
available per acre ensures the highest returns®'. 

This argument neglects assessment of net returns, Ihe dispute 
stems from the divergence feature of individual and regional 
(or societal) welfare requirements, in the presence of external- 
ities. Net returns for a given farmer may increase in a certain 
critical range of application of water, but net returns in a 
community sense do not increase when the situation is character- 
ised by fixed scarce water availabilityi 


Information Base : 


the 

It is not sufficient to obtain data regardin^area irrigated from 
each source. A greater detailed analysis of availability of 
water by each source in different periods in differmt years 
would go a long way in improving the. quantity and quality of 
data. It is useful to quote Rober Wade^. 

"As irrigation projects are pushed into increasingly less 
(hydrological reliability- wise) favourable environment 
the information system will become an increasingly part 
of the system of water control. 

'Warranted duty' the area that can be "satisfactorily" • 
irrigated by one cusec of water flowing continuously 
throughout the plant growth cycle, and is normally defined 
for two types of crop-heavily and lightly irrigated and 
for two seasons Kharif and Rabi. 'Actual duty' should 
refer to the area actually irrigated (in the sense of 
brought to harvest with the help of irrigation divided by 
the actual quantity of water supplies (in cusecs). 

The warranted figures are rules of thumb worked out on the basis . 
of experience 5 they are net based on experimental evidence and 
they simply ignore the link between irrigation requirement and 
soil type, stage of crop growth, rainfall etc; further the 
figures take no account ci the connection between more or less 
water per acre, and more or less output acre or per unit of 
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water - water is simply ’irrigated’ or ’unirrigated’. Warranted 
duty is devoid of economic and agronomic significance. 

The three main parameters which engineers managing the irrigation 
system use are : i) the area irrigated, specified according to 
area under heaVy irrigation crops/light irrigation crops? 
ii) the duty; and iii) the quantity of water used. 

When, as in the second crop season there are large extensions of 
both heavily and lightly irrigated crops on ground, the calcu- 
lation of duty is made by assuring that one heavily irrigated 
acre take twice as much as water as one lightly irrigated acre- 
assumption not based on experimental evidence”. 


The Irrigation Commission as well as several other expert 
committees strongly urged the urgent need for improved hydrolog- 
ical data base at different levels of the irrigation systems, for 
evolving rational policies of water management . It must be 
noted that the information system is not to be confined only to 
primary data but should also be composed of information that 
can be generated by monitoring, concurrent and ex-post evalua- 
tion of different aspects of an irrigation system. The lack of 
effective monitoring and evaluation system is the single most im- 
portant factor affecting the efficacy of implementation as well 
as rationalisation of water management policies for improved 
productivity and equity. 
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Irrigation Management; E nds, Means and OpportunltlPR 


Robert Chambers 

" "s. 


Abstract 

J- 

Views differ about objectives and criteria for irrigation and 
irrigation management - between individuals, groups, disciplines, 
professionals and departments? according to whether one or 
several objectives and criteria are considered? according to who 
is meant to benefit? and according to where objectives and 
criteria are located on long causal chains. As a practical 
framework, five focal objectives and criteria are proposed i 
, especially of water? equity , especially in its 
distribution? long-term stability , both environmental and through 
maintenance of works? carmng capacity (livelihood-intensity), 
reflecting the size of population supported at a decent and 
secure level? and well-being, including health, amenity, 
nutrition and psychic factors. Measures to optimise achievement 
of these objectives include decisions about the size and location 
of area to be irrigated? changes in farm size? the scheduling 
and delivery of water? choice of cropping system and crop zoning? 
the frequency with which different zones receive irrigation? the 
staggering of cultivation? and the spatial and temporal spread 
of cultivation rights. Bringing this repertoire to bear, there 
appear to be rather few serious conflicts between the objectives. 
Perhaps the main one is between productivity and equity where 
high transmission losses reduce the productivity of system water 
distributed to tailends, but this is often offset by the highly 
productive use of groundwater supplied by seepage losses. In 
contrast, complementarities are very strong, especially with 
redistribution of water from head to tail which can at once be 
more productive, more equitable, reduce waterlogging, support 


more livelihoods, and enhance well-being. Many constraints on 
optimising are linked with who gains and who loses from current 
practices, and who would gain and who would lose from changes. 
Facing these questions, the approach of practical political 
economy seeks realistic opportunities by asking how all can gain, 
or how losers can be reconciled to their losses. Three major 
problems and opportunities are presented by first, the 
professional training and incentives of irrigation managers, 
second, the search for ways in which headreach farmers can gain 
while receiving less water, and third, the purchase and 
distribution of land to landless and very small farmers at the 
time when irrigation comes. To proceed further, four next steps 
are proposed. 


# 


3 

This paper is an attempt to explore objectives and criteria for 
irrigation and irrigation management, to state some of the 
principal means for achieving them, and to identify practicable 
approaches for optimising performance. The main attention is 
to South Asia, especially India, and to canal irrigation; but 
much of the discussion could apply also outside South Asia, and 
some of it applies to lift irrigation. ' Irrigation management • 
refers, usually to the operation of irrigation, but planning and 
design are sometimes also embraced. An 'objective’ is an ’end' 
or purpose, especially of irrigation generally, an effect or 
impact which it is intended to have, while a 'criterion' is a 
standard or measure of good performance, especially in irrigation 
management. In common usage, the two often overlap, as with 
’productivity' and 'equity'. 

The Quest for Criteria * 

The first task is to identify and agree objectives for irrigation 
and criteria of performance which can be used for planning, 
design and operation. This task is complicated by different 
views about objectives and criteria. For example, asked to write 
down their first criterion for good irrigation management, or 
their first objective, different people would give different 
answers. Five points can help to e5(plain why this is to be 
expected, and also lay out some of the issues and analysis, 

i. different views ^ 

Each group, discipline, profession and department has its own 
immediate concerns. While there would be exceptions, something 
like the following first immediate thoughts, reflecting the 
personal and professional interests of the respondents, might be 
expected on a first criterion for irrigation management 5 

Type of person possible first criterion of irrigation 

management 

landless labourer increased labour demand, days of working 

and wages 
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Type of person possible first criterion of irrigation 

management 

farmer delivery to his farm at low cost of 

adequate, convenient, predictable and 
timely water for his preferred fanning 
practices 


irrigation engineer efficient delivery of water from head- 

works to outlet 

\ 

agricultural engineer efficient field application of irrigation 

water from the outlet to the root zone of 
the crop 


agronomist ’The purpose of irrigation is to create 

and maintain the optimum moisture regime 
for plant growth and in particular to 
maximise production of that part of the 
plant which is the harvestable product’ 
(Willens 1975? 1) 

agricultural economist high and stable farm production and 

incomes 

general economist a high internal rate of return 

political economist equitable distribution of benefits from a 

project especially to disadvantaged 
group 

sociologist participation of irrigators in 

management 

ii . the single criterion trap 

The question requires only one criterion or objective but many 
criteria, and many objectives are possible. It is then scarcely 
surprising that people would differ in what they put first. 

After careful reflection, lists of criteria or of objectives 
might be agreed, with much commonality, between respondents from 
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different disciplines. But long lists are difficult to hold 
in the mind. One struggles to simplify. Moreover, for 
operational purposes, not many criteria can be handled. The 
trap of the single criterion is tempting : Thus in the words of 
a distinguished and successfifL irrigation manager, 'High 
productivity is the key ... to paraphrase Matthew, 'Seek ye 
first production and all these things shall be added on to you' 
(Giglioli 1968;9). This does not assume that production is 
necessarily an end in itself, but that throu^ it other ends or 
objectives ('all these things') will be achieved. The two 
criteria that are most commonly stated singly are, first, high 
production or productivity, as in this example | and second, 
efficiency of water supply. 

how many gain or lose and who they are 

Objectives and criteria are often expressed in terms of direct 
benefits to 'farmers' or 'irrigators'. But objectives may 
include all those who are affected, or who might be, or might have 
been, by a project and its management. Besides the (usually 
assumed to be male) farmers, this includes women, children, 
tenants, sharecroppers, landless labourers, and migrants attrac- 
ted seasonally or permanently. Beneficiaries are also in some 
sense staff of departments working on irrigation, and those 
attend conferences to discuss irrigation. Those #io are harmed 
by a project or its management (for example those displaced by 
a dam) are also part of the calculus. Objectives and criteria 
may thus be narrow, limited. 

iv. objectives, criteria and causal chains 

A further reason why different criteria and objectives would be 
given is the length and complexity of the causal chains involved 
and the many points at which they , can in principle be measured 
or assessed. 

At the extreme of the general level of 'objective', there is the 
overarching question of the purpose of life and the purpose of 
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development. Perhaps all would agree that irrigation and good 
irrigation management should contribute to development, even 
though not agreeing what development is. At an abstract level, 
expressions like 'enhancing the quality oi experience* may 
embrace a dimension of supreme importance, but much^ of what that 
refers to is difficult to relate to the more material world. 
Perhaps, becoming slightly more concrete, most people might 
agree, in some sense, on an objective of well-being especially 
for those who are less well off, and that those v\ho are deprived 
should have more of what they want and less of what they do not 
want. Becoming more concrete still, there is the World Bank's 
definition of rural development s ■ 

'Rural development is a strategy designed to improve the 
economic and social life of a specific group of people - the 
rural poor. It involves extending the benefits of 
development to the poorest among those who seek a livelihood 
in the rural areas. The group includes small - scale 
farmers, tenants and the landless'. 


(World Bank 1975 : 1) 

The World Bank definition of rural development, does not, 
however, include wider national objectives for the economy and 
the society which may include ; producing cheap food for urban 
areas! earning or saving foreign exchange! settling surplus 
pop-ulation! and so on. 

Here it may help to think of causal sequences and how objectives 
and criteria intersect with them. Some hypothetical relations- 
hips can be presented in causal sequence from left to rights 





Criteria of irrigation 
A -R 
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'.irrigated 


Irrigation A irrigated 
or improve often 
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\ ^ water use 
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^ in farming 
system 


management 

C 
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) labour 
) demand 
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)/more > 

). days of 
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> output 


Objectives of 
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secure ) 

incomes better hous— 
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farm j-^fess sickness 

incomes \ ^ 

4 _^t)ST:ter access 
) 'to services 
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N~^ba3ic goods 

more and 
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foreign • 

V exchange ) 

savings or ) 
earnings ) 


Irrigation 

F 

) well- bo:, . g 
) of 

) population 
Imore 
f directly 
; affected 


) well-be.l.ng 
)of 

; population 
)_j,less 
J' directly 
) affected 


Several observations and qualifications arise from this diagram s 

first, it only picks up some a sequences of effects, of irrigation. 
There are others, such as direct health effects. 

second, each arrow postulates a cause-effect or input-output 
relationship. Thus A-irrigation or irrigation management is only 
an input, but the items under B are both outputs from A and 
inputs to C, and so on, until the chain of input -out put relation- 
ships ends in wellbeing for the population affected, whether 
directly or indirectly. 

third,- the outputs result from much more than just the input in 
the diagram, (e.g. higher farm output may resiiLt from technolo- 
gical change, weather, credit,, or a host of other factors and 
their combinations) , This may especially be so in the links 
betv/een income and well-be i ng, with an indeterminancy which is 
not special to irrigation. 
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fourth, the diagram assumes benefits, but effects can also be 
disbenefits (worse nutrition, more migration to towns, lower 
incomes etc.)* 

finally, the criteria of irrigation management per se are on the 
lefthand side of the diagram, while the objectives or impacts 
intended from irrigation are on the righthand side. Since the 
arrows are hypotheses, and may or may not be valid, case by case, 
it is possible to have irrigation management which is good by 
its own criteria, without achievement of a desired impact or 
objective, or even with a negative effect (e.g. if productivity 
rises but nutritional status declines) . 


V. the need for a practical framework 


A final reason why different people can be e^qjected to state 
different objectives and criteria is the lack of a universally 
accepted normative and -practical framework for evaluating the 
planning, design and management of an irrigation system. Many 
sets of objectives and criteria have been proposed, and some 
people ( mea culpa ) keep on changing the ones they suggest. Thus 
we have, for example 

pro-ductivity economy (production) productivity (especially 

(of water) of water) 

equity (in its equity( benefit distri-equity (especially of 

distribution to bution and farmer water distribution) 

users) participation) 

stability (in main- efficiency(water use) long-term environmental 

taining the water stability 

supply) 

(Early 1981 M describ- 

contlnuitydn water " 

use throughout the 


year) 


of irrigation system 
performance in most 
cases not fulfilled) 


Carrying capacity 
(in sustaining 
population at 
acceptable 
levels of living) 

(Chambers 1977s 361 , 
on what a list of 
objectives of irri- 
gation in conditions 
of South Asia might 
include) 


at least cost 

(Bottrall 1981; 26 , 
stating the assumption 
that the main concern 
of an irrigation manager 
of a large irrigation 
system should be to 
achieve an optimum 
balance between these 
goals. He also mentions 
cost recovery and employ- 
ment as possible crite- 
ria(lbid 26 and 43). 
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Other lists have included convenience to irrigators, utility to 
irrigators, arid quality of life. 

Whatever the objectives or criteria, there will be a cost side, 
and a bene fit/ disbene fit side. The cost side is relatively well 
understood, whether in terms of irrigation water at the point of 
diversion or storage or elsewhere, or of financial, staff or 
management costs, or of opportunity costs of not using resources 
elsewhere or in other ways. I shall therefore concentrate on 
benefit/dlsbenefit side* 

On this benefit/disbenefit side, there seem to be three needs; 
first, objectives which capture the major benefits/disbenefits 
which can be attributed to irrigation and irrigation management; 
second, operational criteria which can be assessed or measured 
and used to improve, monitor and evaluate irrigation planning, 
design and operation; and third, parsimony, in seeking objectives 
and criteria which are few but focal enough to capture the major 
dimensions and to act as proxies for others. The resulting short 
list shoxfLd be useful for thinking about irrigation planning, 
design and operation, and the criteria included should be usable 
for the management of irrigation systems. 

The list proposed here has five objectives vdiich slice the 
reality at different points and in different ways, and which to 
varying degrees can be made operational as criteria. No doubt 
this list can be improved upon; for the time being it may at 
least provoke discussion, dissent, and progress towards something 
better. The five objectives are ; 

productivity 
equity 
stability 
carrying capacity 
well-being 

It is arguable that it would be useful to add convenience or 
utility of water supply to farmers, but these are partly aubsmed 
by productivity and equity. 
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Five Focal Ob.iectives and Criteria 
i. productivity 

Productivity means output divided by input . In common parlance, 
it is sometimes used to mean, quite simply, production. Thus if 
someone were to say of an irrigation system, ’productivity has 
gone up’, they may mean that production has gone up. Strictly, 
however, productivity will have gone up only if production has 
gone up per unit input. 


In practice there are many possible meanings and measures for 
productivity. At the operational level, for purposes of 
monitoring, management and evaluation, the best measure of 
productivity will vary from system to system, and according to 
immediate purpose. A common and often useful interpretation of 
'productivity' on an irrigation system is a measure of production 
per unit of water. Lenton(l98l) has described various operation- 
al measures. He points out that productivity performance can be 
measured by water delivered, area irrigated, yield, or income, 
and the measures can be at the level of farm, of an outlet, or 
at higher levels of aggregation. Which of these is best will 
depend on circumstances. The, denominator for the productivity 
of water can also be taken as water in the root zone, at the 
farm gate, at the outlet, or at higher points in the system, 
including the point of storage or diversion. Thus productivity 
can be defined: 


a. if water is a limiting resource 

water delivered area production, gross „ net 
(to outlet, farmer irri- or or yield per or income^ income 
prodictivity =gate, or root zone)gated unit area 

quantity o if water at the point of diversion or in the 
available or storage, or issued from the headworks, or 

issued at points lower in the system (in each 

case with or without rainfall in the 
command area) 

b. if water is not a limiting resource . 


produotivijy 


. production or gross inco me or net income 

'land or labour or capital 'or management br other scarce re- 
source 
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In this case, good irrigation management mil still lead to 
high productivity, but the measure of productivity will be 
different. 

All of these versions of productivity are in principle measura- 
ble. Which is best operationally depends on the relative scarc- 
ities of resources, the cost and accuracy of data collection, 
the timeliness with which it can be analysed, its utility for 
management purposes once analysed, and the relationships between 
it and other criteria and benefits. , 


Taking water as the scarce resource, some of the possible 
measures of productivity, earlier along the causal sequence, are 
thus, in technical terms, efficiencies (see e.g. Bos and 
Nutgeren 1974), that is ratios of water at a point of delivery 
to water at a point of issue. These correspond interestingly 
with the objectives or criteria which it was supposed above that 
different persons and specialists might give for good irrigation 
or good irrigation management. Diagrammatically, these can be 
shown as follows s 

Po ints of Input and Output Measurement for Different Professions 

and Disciplines 

A B C D E F G 

Rainfall Water Water Water Prod- Gross Net (to 

and other avail- at in uction value farmers) 

water in able at outlet root of value of 

catchment point of zone produ- produc- 

or river diversion ction tion 

or in 
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At both general and operational levels, the most widely useful 
meaning and measure of productivity, ' where water is limiting, 
may be the gross value of production (which can be measured 
through crop-cutting exercises and surveys of prices) divided 
by the water available at the point of storage or diversion. 

This sounds straightforward, but hardly anything to do with 
water is simple, except perhaps drowning. The techniques and 
problems of measurement of productivity of water and of the 
operational use of such measurements deserve separate analysis 
and discussion. The most serious complication is probably the 
conjunctive or independent use of groundwater within a command 
area, making it difficult to know what irrigated production to 
attribute to canal water, what to groundwater deriving from 
seepage of canal water, and what to groundwater deriving from 
other sources. 

ii. equity 

Equity is a more difficult concept. The Shorter Oxford English 
Dictionary calls it 'The quality of being equal or fair? 
impartiality; even-handed dealing. That which is fair or right..’ 
Applied to the practices of irrigation system planning, design 
and management, this raises the question; how equal? 

This question has received many answers. As with the doctrine 
of -prior appropriation (that whoever first exploits a resource 
has a right to continue to do so), inequality comes through 
usage to be regarded as a right, even if not entirely fair. 
Topenders, or early comers to an irrigation settlement project, 
gain customary usage to water which they thsa come to regard as 
their right, even though it usually means less -water or no -water 
to tailenders or late comers. Offsetting this and often 
conflicting with it, is the widespread doctrine of proportionate 
equality (Anderson and Maas 1978 ;4l) which identifies equity 
with the supply of water in -proportion to land surface-area. 

In this doctrine, the inequality of landholdings is accepted 
and water is allocated, as in the warabandi systems of North- 
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west India (Malhotra 1982a and b) , to each farmer in proportion 
to landholding size. Thus those who are already better off, 
with more land, get more wateri and those who are worse off, 
with less land, get proportionately less; and those who are 
worst off, with no land, get none at all. In South Asia, as 
elsewhere, both doctrines can be found applying on the same 
systems headreach farmers have sometimes (as in the Cumbu Valley 
of the Periyar Vaigai Project in Tamil Nadu) established privi- 
leged rights to water, while lower down the project area, the 
theory of water distribution is that it should be proportional 
to land* 

In India^ the inequity of both doctrines is increasingly 
questioned. The doctrine of prior appropriation is challenged 
by attempts to redistribute, water from headreaches to tailends 
(see below). About the doctrine of proportionate equality, 
doubts were raised at the workshop on water distribution pract- 
ices held at the University of Roorkee in July 1982 (IWRS 1982) 
by three senior engineers, one of them asking vdiy, if hospitals 
were for all, irrigation water, similarly provided from public 
funds, should not be for all also. Nor is proportionate 
equality always enshrined in traditional practice; in the village 
of Dull in North Arcot District, . Tamil Nadu, it is said that 
when tank water is short it is allocated for an equal small 
area for each landholder regardless of landholding size. Further, 
two projects have recently been pioneered which apply the more 
equitable principle of equal personal rights to water; one under 
small tanks; and one with lift irrigation. 

The small tanks example is the Sukhomajri project (Seckler and 
Joshi 1981; Malhotra 1982; 61-66) near Chandigarh where each 
household (defined as a chula or hearth) has an equal water 
right, including landless households. In the. words of S.P. 
Malhotra (1982;66) ; 

’A new method was designed to allocate water first 
to the 'people' and only secondarily to 'land' . Some 
were found to be unable to utilize a part or whole of 
their share. For their benefit , a suitable mechanism, 
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for marketing the surplus, has been evolved. The method 
ensures a water right for every family, even if it is 
landless, and has been named as haqbandi'. 

The second example, with lift irrigation, is the Gram Gourav 
Pratisthan, started by Vilas and Kalpana Salunke at Naigaon in 
Purandar Taluka near Pune (Chambers 1981 5 Morehouse 1981 5 
Parulkar 1982) . Here the allocation of water is based on the 
number of members in a household, subject to a basic financial 
contribution per household member and to the household having 
adequate land under command of lift irrigation. Since in 
practice most households have land and most have been able to 
raise subscriptions, the resulting allocation of water may 
achieve quite a high degree of equality per person. 

On canal irrigation, however, such equality, however desirable, 
is usually a long way off. In part of Maharashtra, full water 
is allocated to the first 2 hectares, with diminishing alloca- 
tions per hectare as hectarage rises above 2 hectares (personal 
communications, D.R. Arora and E., Stains). But elsewhere, water 
distribution is far from meeting even the criterion of propor- 
tionate equality; the disadvantages of tallenders are notorious. 
Research in Sri Lanka has shown concentrations of wealth, 
influence, tractors, and services at the tops, and conversely 
poverty, lack of influence, lack of farm power, lack of services, 
and disadvantages such as higher pupil: teacher ratios in schools, 
at the tails (Moore et al. 1982). In India, research by 
WAPCOS (reported in Lenton 1982) on the Mahanadi Reservoir 
Project in Orissa has found a gradation in paddy yields on 
outlets from 1,54 tons at the very head down to only 0,22 tons 
at the very tail. Even on the Upper Ganga Canal, where warabandi 
is practised, recent research on one distributory reported by 
Padhi and Suryavanshi (1982:26) has shown a contrast between an 
irrigation intensity of 119 at the head, and only 72 in the 
middle and 68 at the tail, accompanied moreover by a much higher 
concentration of sugarcane at the head. On other systems, 
tailends which are meant to receive water never do, or have only 
recently received it as a result of the redistribution of water. 
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such as those of the reforms of Integrated Water Management 
in Andhra Pradesh (All 1981). In these circumstances, of gross 
inequalities in the supply of water to different parts of irri- 
gation systems, it is not surprising that attempts to improve 
management limit themselves at most to the target of the princ- 
iple of proportionate equality, to the supply of water propor- 
tional to land, since the applmation of even that unequal 
principle would be far more equitable than current practice. 

For operational measures of equity, Lenton (l98l) has made 
proposals parallel to those for productivity, following the 
principle of proportionate equality. These would measure the 
equity of water delivery, of area irrigated, of yields, or of 
income at different points in the system, expressed as perfor- 
mance at a tail reach location (on a watercourse, or minor canal, 
or distributo.ry, or branch canal, or main canal) divided by 
performance at a head reach location. Performance on different 
parts of a system would be indicated by taking heads and tails, 
as desired, of wateroourses, minors, distributories, branch 
canals, or main canals. 

For both general and operational purposes, equity can, then, be 
taken to mean more rather than less equal benefits from irriga- 
tion management, to more rather than fewer irrigator families, 
with priority to the disadvantaged. 

iii. stability 

Productivity and equity taken on their own do not encompass 
changes over time. Yet the sustainability of productivity, 
equity, and other benefits, is important. The term 'environ- 
mental stability* (Bottrall 1981) is clear, and refers to the 
prevention or minimising of physical changes with adverse 
effects, such as water-logging, leaching of nutrients from soils, 
salinity, erosion, silting, the 'mining' of groundwater, infes- 
tations of weeds, and pests and diseases. Maintenance of 
physical works is another vital aspect of stability. 
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The objective of stability can, then, be defined as the 
sustained achievement of other objectives. As an operational 
criterion, it can be assessed through the monitoring of 
appropriate physical measures such as groundwater levels, 
through the inspection of works, and through trends in perfor- 
mance indicated by other criteria. 


iv. 


capacity 


Carrying capacity refers to the performance of an irrigation 
system in making possible adequate, secure and decent liveli- 
hoods. One way of describing it is as livelihood-intensity, 
the ratio of acceptable livelihoods generated or supported, to 
water or other scarce resources. Whereas equity, as defined, 
refers to fairness and relative equality in the distribution of 
water and benefits, carrying capacity refers to the population 
enabled by an irrigation project to live above a minimum level. 
The preoccupation of irrigation management with production has 
tended to obscure the benefits to the poorer people for whom 
irrigation may create' livelihoods through more emplojrment, 
higher wages, and income spread through more of the year. 
Carrying capacity should capture some of the wider effects of 
irrigation and irrigation management on the disadvantaged, 
including women (Agarwal 1981 ), tenants, sharecroppers, the 
landless, migrant labourers, and people who have migrated from 
rural areas to urban slums and who may return if there are good 
opportunities for a livelihood. 


Since carrying capacity in this sense is not yet an accepted 
objective or criterion, three points of elaboration are in order. 
First, carrying capacity is affected by planning and design. 

Where unoccupied land is settled under irrigation, this is 
through the size of holding and cropping pattern; and where 
land is already settled, through the size of geographical area 
it is decided to irrigate (affecting more or fewer farmers). 

The planned water duty is a central decision here. Second, 
where food and income flows to households are more stable under 
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irrigation than with rainfed agriculture, the acceptable level 
of livelihood (expressed as mean income) may be lower because 
there is less need for larger surpluses to carry through bad 
years. Third, higher intensities of irrigation may provide 
more continuous employment for those without land, and more 
frequent flows of income to those with land? thus the more 
intensive irrigation of a' smaller area may be more livelihood 
intensive than the less frequent irrigation of a larger area. 

The measurement of carrying capacity is not easy. The simplest 
measure is to count the population directly supported by a 
project, but this is complicated by the concept of an adequate, 
secure and decent livelihood; some may be supported by a project 
at an unacceptable level, while others may be migrants who 
achieve an acceptable level by virtue of combining seasonal 
employment on the project with work elsewhere. At this stage 
it may be less important to try to measure levels of carrying 
capacity operationally, than to use it and livelihood-intensity 
as general objectives or criteria in analysis and decisions to 
influence directions of change - towards greater livelihood- 
intensity and higher carrying capacities. 

V. well-being 

These four objectives and criteria pick up many of the benefits 
and disbenefits of irrigation and irrigation management, but 
not all. There remains the human well-being of the people 
affected. Productivity, equity, stability and carrying capacity, 
may all contribute to this, but do not encompass it all. 

Much depends on -viiat people themselves value, but perhaps four 
aspects of well-being, might command their agreement and that 
of outsiders; 

health . The adverse health effects of irrigation through 
malaria, schistosomiasis (though not in India), and sometimes 
drinking water, are well known. 
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ii* « Irrigation can improve amenity through water for 

washing, and bathing, through raising groundwater levels 
so that water for drinking and other domestic purposes 
does not have to be lifted so far, and so on. 

iii .nutrit ional status , which can be affected positively or 
negatively by changes associated with irrigation. 

psychi c faptors , such as a sense of control of the 
environment, freedom from domination, participation, and 
other non-material aspects of the quality of experience, 
depending upon what people themselves value. 

Some, but not all, of these are aisceptible to measurement. 

Repertoires for Optimising 

Many measures are or could be used to improve the planning, 
design and operation of irrigation systems to optimise- 
productivity, equity, stability, carrying capacity, and well- 
being; They include many which will not be considered here, 
including engineering works, on-farm development, methods of 
field water application, and farmer participation. This is not 
to suggest that these are unimportant. They are, however, 
relatively well understood and well documented. The focus here 
will be on the resources or dimensions of land, water, crop, 
location and time, which taken together open up a range of 
options which are, I think, quite often thought about by 
experienced planners, designers and managers, but which do not 
seem to be written down and considered together.^ 
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These dimensions or resources present options as follows; 


dimension or resource options presented by 


i. land 

ii. farm size 

iii. water 

iv. crop 

V, location and 
intensity 

vi . timing 

vii. spread of culti- 
vation rights 


size and location of area to receive 
irrigation 

planning new settlement, or redistribu- 
ting land 

the scheduling and delivery of water 

choice of cropping system, including 
crop zoning 

frequency with which different zones 
receive irrigation 

the staggering of cultivation 

rights in different places and/or at 
different times 


i. size of area to be irrigated 

In analysing the size of area to be irrigated, it is useful to 
start with Keller's (1981) membrane concept. He writes that he 
likes to think of 

'the physical objective of an irrigation project as 
being to stretch the water like a membrane uniformly 
over the intended command area.- The irrigation project , 
canals, farm watercourses, and field ditches form the 
rigid framework needed to push the membrane out........ 

an adequate irrigation system and effective management 
of it are essential to stretch and hold the membrane in 
place. A uniform ^ membrane over the entire command area 
represents an efficient and equitable system.,' 

Planners, he says, design projects with different concepts of 
'membrane tension', reflecting degree of designed water scarcity. 
The designed water scarcity which is optimal for crop growth per 
unit area is not the same as the designed water scarcity which 
is optimal for crop growth per unit water. For one thing, as 
Keller points out, most field crops will produce about 90 per 
cent of potential yield when only supplied with about 75 per 
cent of peak water requirements. The size of area to be irriga- 
ted thus has major implications for the productivity of water. 
Size of area is also closely linked with the other options - 
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of farm sizej water scheduling, cropping system, location and 
intensity of irrigation, staggering, and on some small 
systems, spatial and temporal variations in cultivation rights. 


ii. farm size 

Farm size is a variable that can be controlled only where new 
land is being settled, or where land is redistributed (see pages 
XX - XX below). Farm size most strongly affects: 


productivity; the well documented inverse relationship of 
Indian (and much other) smallholder faming, 
that productivity per unit of land declines 
with holding size, suggests that (at least 
over some ranges of size) productivity vdll 
be higher the smaller the farm units(Saini 
1979:112-116, 122-3, 152-3). 


equity: 


more, smaller landholdings will within limits 
be more equitable 


carrying 

capacity: 


morei smaller landholdings may provide more 
livelihoods per unit water. 


iii. scheduling and delivery of, water available 

The scheduling and delivery of water is perhaps the most power- 
ful tool for optimising benefits from irrigation, and is recei-^' 
ving increasing attention. The classification of types of 
scheduling in South Asian conditions is still, however, at 
an early stage. In India, the normal form of comparative 
analysis is not limited to or even determined by, types of 
scheduling, but is rather based on regional variations of total- 
irrigation and cropping system (e.g. Saksena 1982). Of these, 
the best known and best documented is the warabandi system of 
Northwest India (Reidinger 1980; Malhotra 1982a and b) , with its 
(in Keller's terms) high tension membrane and rotations between 
minors and between famers, who receive less water than they 
need for the land they have. Second, there are the systems in 
areas of Western India where water is meant to be supplied only 
to those who indent for it. Third, there are the systems of 
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South India where land is localised, that is, zoned, for 
either irrigated wet (usually paddy) or irrigated dry crops. 
This is nothing like a full review of typology, but its 
significance is that with the partial exception of northwest 
Indian warabandi, it is not a classification in terms of 
water scheduling. It is no substitute for analysis and 
classification of different types of water delivery schedule. 

For scheduling proper, the usual broad discrimination in India 
as elsewhere is into three types of delivery; 


continuous flow 
rotations 


American Society of Civil Engineers 1980 
Mathur 1982 


Kathpalia (1980) distinguishes systems of upstream control which 
distribute the available supply of water, and downstream control 
which is based on demand* There is some correspondence here 
with the categories used by Replogle and Merriam (1980) for 
conditions in the United States. They consider the frequency, 
rate and duration of water supplied and distinguish between 
schedules which are rigid and supplier-controlled, and those 
which are flexible and user-controlled, as follows; 


a. rigid, predetermined, supplier-controlled; 

i. constant amount- constant frequency (rotation schediiLe) 

ii. constant amount- variable frequencv(modified frequency 

rotation schedule; 

iii. varied amount — varied frequency (varied amount 

rotation schedule) 

b. flexible, user- controlled: 

i. demand 

ii. limited rate demand 

iii. arranged (as to, date) 

iv. limited rate arranged 
V. restricted arranged 
Vi. fixed duration - restricted arranged 
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These may not be useful categories for India, but the point 
of listing them is to raise the question whether comparative 
analysis of actual and potential scheduling practices on Indiao 
canal irrigation might not lead to a similarly extensive and 
useful, though different, classification. The Roorkee Workshop 
on water distribution practices (IWRS 1982) provided some mate- 
rial for this, and reinforced the case for such an analysis 
and for developing methods for deciding what scheduling 'is 
best in what conditions. 

In terms of options, it is common for the scheduling procedure 
to be changed as a season passes and as water becomes scarcer. 
This is routinised in the Northwest Indian warabandi (Malhotra 
1982a and b) and also in an elaborate way in Valencia in Spain 
(Maas and Anderson 1978s25-42), where distribution starts 
according to the principle of proportionate equality( emphasising 
the equity objective) but later with increasing scarcity shifts 
more to priority for the more valuable crops (emphasising 
minimising losses, which is the productivity objective). Thus, 
subject to the physical capacity of the system and the establi- 
shed rights of irrigators, it is not necessary to opt for only 
one form of scheduling. 

Many of the implications of the scheduling of irrigation water 
for productivity, equity, stability, carrying capacity and well- 
being are too obvious to deserve elaboration at this point. 

iv. looation and intensity of irrigation 

The ’membrane' can be stretched over different areas, and with 
different frequencies to allow different intensities of 
irrigation. Patterns of application vary between high inten- 
sities for the whole of a command, where v/ater is adequate for 
that, to stretching the membrane over different areas in 
rotation, which can be described as the sequencing of zones. 

The sequencing of zones can be overlooked as an option, but it 
is quite common in South India. One example is Lower Bhavani 
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in Tamil Nadu( Sivanappan et al 1982), On this project, many- 
short distributories take off from a long canal. They are 
numbered even and odd, and water deliveries alternate by 
seasons bet-ween all the odd numbers and all the even numbers. 
Another example is the yaya (ayacut) under Tissawewa tank in 
Hambantota District in Sri Lanka. There, in the second, yala, 
season, the water diverted and stored in the tank proved 
inadequate to irrigate the -whole area. This led to a decision 
to adopt a system of irrigating only two thirds of the area 
each yala, so that each cultivator had two yalas in succession 
and then missed one. 

Location and intensity of irrigation have implications for all 
five objectives and criteria. In particular, high intensities 
tend to generate year round livelihoods for labourers, while 
sequencing of zones may be more equitable than leaving some 
potential irrigators out altogether* 

V. crop choice and zoning 

The crops to be grown is a major choice. In high tension 
systems where the water supplied to a farmer is inadequate to 
irrigate all his land, the choice of what crop to grow with 
limited water can be left to the farmer, as it is with warabandi 
in Northwest India. Elsewhere, deliberate crop zoning is found 
in the localisation of South India into irrigated wet and 
irrigated dry areas; in the block system of Maharashtra (Gandhi 
1981;10“11) where blocks of land are sanctioned for particular 
crops; and in the phad system of Maharashtra (Patil 198l) where 
originally at least each farmer held land in a number of blocks. 
Each block has its Own crop (-which can be suited to its soil 
characteristics) and receives its own appropriate water si:Q)ply. 

Crop choice and zoning have implications especially for 
productivity, equity, stability and carrying capacity. The well- 
known and familiar condition is where ample supplies of water 
are (unproductively, inequitably) appropriated in the head 
reaches to provide heavy irrigation to grow thirsty crops (paddy. 
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sugarcane), leading to water-logging and salinity, while 
tailends receive inadequate water, have lower intensities, grow 
drought-t ole rant crops like bajra, and support a smaller popu- 
lation over less of the year than they might. 

vi. timing; the staggering of cultivation 

In this option, the timing of cultivation is staggered between 
different parts of a command. The costs and benefits of 
staggering can be complicated. Climatic conditions, photo- 
period sensitivity of crops, and relationships of yield to 
temperature, sunlight, and rainfall at or near the time of 
harvest are all often relevant. There may be either wide or' 
narrow latitude for planting dates for high yields. In the Dry 
zone of Sri Lanka, where Involuntary staggering is almost 
universal in the growing of paddy in both the maha (main) and 
yala (subsidiary) seasons, there are also other advantage’s and 
disadvantages (for some of which see e.g. Chambers 1975:35-46)^., 
To some extent, staggering, where it occurs, is involuntary in 
that headreach farmers initially take quantities of water which 
leave little or nothing for the tails. This involuntary charac- 
teristic has tended to obscure its potential especially for 
productivity and equity. Two aspects may be mentioned. 

First, staggering spreads peak water demands over different 
parts of the system. Especially in diversion systems where the 
river source limits peak flow, or where canal capacities 
constrain, this can mean that a larger area can be irrigated. 
Even with the warabandi of northwest India, it may be asked 
whether a larger area might not be irrigated by farmers through 
staggering the frequency of water deliveries (through the 
frequency with which minors receive water) in a phased manner 
throughout a command. Farmers might then stagger their planting 
dates, fitting their peak water requirements to those times when 
they would get water at closer intervals. As a result each 
farmer could then plant a larger area. 
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Second, staggering spreads peak power and labour demands. 

Labour shortages may well be a major constraint on medium and 
large farms in much of India' s canal irrigation outside the 
Northwests for example, Elumalai (I982s77) writes of the Param- 
bikulam - Aliyar Project in Tamil Nadu that shortage of labour 
effects the full development of the command area even after a 
considerable gestation period. Labour Is also probably a major 
constraint on large systems such as Malaprabaha and Tawa where 
there are many large farmers. With staggering, this constraint 
is eased, as labour moves physically down the command as 
cultivation activities succeed each other, with benefits not 
only to productivity, but also to the livelihoods of the labour- 
ers who gain longer periods of continuous employment. 

vii. spatial and temporal cultivation rights 

The final option is the spatial and/or temporal spread of 
cultivation rights. These are found in some traditional and 
other small or medium-scale systems. They involve equity either 
through the scattering of one family's holdings through several, 
zones, one or more of which may receive water | or through a 
sequence of rights to cultivate the same piece of land. The 
former is found in the bethma system of Sri Lanka (Farmer 1957, 
Leach 196l), and in the phad system of Maharashtra (Patil 1981), 
and the latter in the kattimaru and thattumaru tenure of Sri 
Lanka under which the rights to cultivate a n-umber of paddy plots 
are rotated annually among several people. While these systems 
are not very common, they are both productive and equitable: 
productive through ihe growing of the same crop in the whole of 
a block of land making it easier to supply appropriate water, 
and through matching the area to be irrigated to the amount of 
water available in each seasoni and equitable because where water 
is inadequate, all cultivators lose the chance to cultivate in 
those blocks which it is decided cannot receive water and all 
share in those blocks which are irrigated. ' 

While this option may not be open on many large-scale systems, ’ 
it deserves to be on the check-list for any lateral- thinking 
approach to irrigation planning and management. 
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Conflicts Between Ob,iectives 

This repertoire is far from a complete list but it does include 
some of the more obvious measures available for optimising the 
achievement of productivity, equity, stability, carrying 
capacity and well-being. These objectives, with. any one set of 
measures, in any one context, may be complementary or may con- 
flict, The greatest interest is attracted by conflicts and the 
choices which they present, but the greatest opportunities may 
be presented by complementarities. Let us, however, start with 
conflicts. For any five objectives, ten conflicts on a one-to- 
one basis are theoretically possible. With ingenuity or wide 
knowledge, examples of all ten might perhaps be mustered. But 
only four seem obvious to the writers 

i • productivity versus equity 

Three common conflicts between productivity and equity can be 
suggesteds 

First, transmission losses . Between headworks and tailend 
fields transmission losses are often high, with figures of over 
50 per cent. Other things being equal (which, however, they 
never are) this means that water available at the reservoir or 
diversion will be more productive at the head than at the tail| 
distributing water to the tail may then be more equitable, but 
distributing it to the head more productive. (This is simplistic, 
and some of the complicating and compensating factors are dis- 
cussed below pp. XX - xx) . 

Second, water scarcity . When water available is less than that 
required for the crops that are growing, the equitable distribu- 
tion of water over an entire system might mean low production or 
no production at all, whereas the inequitable concentration of 
the water in one area will be more productive, enabling a crop 
to be harvested at least there even if not elsewhere. 

Third, gr oundwat e r * mini ng I If, as in parts of Tamil Nadu, 
there is a decline of the groundwater table in normal years 
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through 'overextraction', this may be offset by intermittent 
total recharge in years of very heavy rainfall. Productivity, 
in the sense of total production over a long period, may be 
higher with 'mining' in normal years, since this provides space 
underground for the storage of more water in years of very 
heavy rainfall. But equity will not be served to the extent 
that smaller and poorer farmers lose out. Some will be 
unable to deepen their wells as the v/ater level drops and . others 
unable to afford lift technologies which can raise water from 
greater depths^. 

ii* productivity versus atahilit'.r 

" n 

This conflict occurs where short-term productivity of land is 
at the cost of long-term. The most common example is where 
water applications in the headreaches are liberal, and used for 
thirsty crops like paddy, which are highly productive in the 
short term, but which lead to declining yields and even no yields 
at all through consequent rising water tables, waterlogging and 
salinity. Another example is groundwater mining where extraction 
exceeds recharge (even taking account of years of heavy rainfall), 
with the result that production eventually ceases. 

iii . well-being versus productivity 

A community may require canal water for domestic purpose during 
a dry season when there is no irrigation. This dry season flow 
depletes a storage reservoir so that less water is available for 
irrigation the next season, and less is produced. 

iv» WBll*-being versus equitv^ 

Continuing the example above, because less water is available in 
the next season, tailend supplias suffer. 

Where there ars conflicts, such as these, and where management 
interventions can affect them, then hard choices have to be made 
about the trade-offs. A useful technique for optimising is a 
transformation curve which plots the performance of different 
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measures against the two objectives which are represented by 
the X and y axes (see e.g. Major and Lenton 1979:190). But 
it can easily escape attention that the repertoire of measures 
for optimising is so extensive that it may always be worthwhile 
to search for complementarities, and only to accept choices 
involving straight conflicts (where more of one means less of 
another) when an inventive search for complementarities has 
failed. 

The shortness of this list of conflicts may be the result of my 
ignorance and lack of imagination. Provisionally, it suggests 
that conflicts between these objectives are not all that serious 
or common (except perhaps with productivity versus equity) and 
that the complementarities between them are usually strong. 

Complementarities 

Setting the five objectives against the seven sets of measures 
in the repertoire (and bearing in mind that there are also many 
other measures, especially through improved structures, and on- 
farm development), there can be striking potential complemen- 
tarities at system level between productivity of water, equity 
in its distribution, long-term stability, high carrying capacity, 
and well-being. For the sake of brevity, let us consider only 
one type of situation which is familiar in India outside the 
northwest. 

Early in the life of a project, water is abudant because the 
headworks are complete but the canals and other works lower down 
are not yet ready. So the headreaches receive much water and 
grow paddy or sugarcane, the paddy often under more of less 
continuous flow and with field to field irrigation, even though 
high infiltration rates make some of the soils unsuitable for 
these crops. As construction is completed towards the tailends, 
not enough water is available for them because the head reaches 
continue to appropriate more than their designed requirement. 
Receiving less water, less reliably, and in a less timely fashion, 
farmers at the__, tails grow less profitable, drought-tolerant 
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drops, with lower intensities,. And in consequence of heavy- 
water applications at the head and the high infiltration rates, 
the -water table rises and waterlogging, salinity and declining 
productivity ensure. 

In such conditions, redistribution of water from head to tail 
can achieve all five objectives simultaneously. If less water 
is Issued at the top, farmers there can grow crops which are 
more suitable for the soil, and if water is redistributed to 
the tails, then total production should rise, and equity will 
be served. Stability will be enhanced through reduced water- 
logging, Carrying capacity will be increased through higher 
labour demand both in the head reaches (to the extent that 
dry crops are more labour-demand than -wet, and that intensities 
are higher), and in the tail -where irrigated area and intensi- 
ties increase. Well-being should gain through these effects, 
through reduced health hazards from standing water in the head 
reaches, and through more canal water for domestic purposes in 
the tails. 

The main qualification is the possible conflict of productivity 
and equity if transmission losses are high between the head 
and the tail. The problem is not the equity, since tailenders 
are receiving more water, but the total productivity of the 
water available to the system. Adverse effects of the trans- 
mission losses can, however, be exceeded by production gains of 
two sorts; 

i, groundwater recharge from seepage in transmission. 

Though a problem in the headreaches, else-where this 
can be a benefit, providing groundwater closer to the 
surface both for conjunctive use in irrigation and for 
domestic purposes. A problem in the headreaches 
thus becomes an opportunity lower down. Groundwater 
reduces risks, raises cropping intensities. Moreover, 
farmers who have to lift irrigation water -tend to use it 
more sparingly and productively than those who receive 
it through surface channels. 
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ii. higher productivity of water, after allowing for 
transmission losses, at the tail, resulting from 
larger areas irrigated, water-sparing crops, and 
the adoption of higher- yielding practices in 
response to a more adequate, convenient, 
predictable and timely water supply. 

Given these major advantages of redistribution, the question 
is what prevents their realisation. 

Practical Political Economy 

There are many physical and technical impediments, but many 
constraints also appear to lie in the political economy of 
canal irrigation. Those who gain from current management 
practices may lose from changes. The approach of practical 
political economy is then to ask who would gain and who would 
lose and to see a. whether there are ways in which the reper- 
toire could be used to enable all to gain from the changes, and 
b. if that is not possible, whether there are ways in which 
inevitable losers could.be reconciled to their losses. 

Three sets of problems and opportunities may especially deserve 
analysis. They ares the professional training and incentives 
of irrigation managers; the search for the non-zero sum, for 
ways in which topenders can gain from receiving less water; and 
the purchase and distribution of land. 

the professional training and Incentives of irrigation 
managers 

Perhaps the greatest problem in improving canal irrigation 
management lies in the professional training and incentives of ' 
irrigation managers. The emphasis of training on design and 
construction is well known, and there are moves in the direction 
of developing training for operation. But one difficulty is 
that the very methods of diagnostic analysis, of monitoring 
and control, of water scheduling, of managing staff and farmers, 
and of training itself - are in early stages of development for 
South Asian conditions. The International Programme 
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for Irrigation Management when it is finally launched and 
if it holds to the objectives set for it, shoiald contribute 
to these methodologies and to training which can spread 
knowledge and use of them; initiatives like the course for 
irrigation managers at the Indian Institute of Management, 
Bangalore, should break new ground in developing materials 
and methods^ and the Indian Government has major proposals for 
training. 

But even if the professional training in canal irrigation 
operation were already available, there remain the problems of 
personal incentives for irrigation managers to manage systems 
so as to optimise the five objectives. Caution is needed in 
generalising, and the warabandi systems of Northwest India may 
be exceptions to what follows. But careful, scholarly studies 
have docxmnented aspects the working environment of irrigation 
managers which suggest that they are subject to incentives to 
manage their systems badly. Pant ( 1981 : 102) records some of 
the grievances of farmers on the Ko si .canal as follows; 

'Unlimited amount of water was given to certain farmers, 
irrespective of the location of their fields, who obliged 
officials in terms of money or grain. In case of others, 
they would charge money but would never bother to know 
whether water was made available to them or not. With 
regard to canal maintenance, the feeling was that over- 
seers and engineers were not interested in the upkeep of 
canals. Every year vast amount was spent on the repair 
of canals but they remained as before. The main reason 
was, that the officials were interested only in getting 
their 'shares' from the contractors and never bothered 
whether the work was properly done or not by the 
contractors. ' 

For another part of India, Wade (1982) confirms this impression 
and elaborates on a system of control of transfers, sale of 
posts by politicians to engineers, channelling of funds through 
contractors, and earning by engineers of many times their 
annual salaries from maintenance -works and from farmers. 

To the extent that such systems prevail, incentives are perverse 
and low standards of management and maintenance of canals, 
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otherwise so puzzling with able managers, are less difficult 
to understand. They have a need to raise money to buy their 
postings, which can cost as much as ten times the annual 
salary of the officer (Bhargava 1982), and to be able to stay 
in them, and they have the opportunity to raise money for 
themselves,” but this is at the cost of stability - of mainte- 
nance that is not carried out or which is sub- standard, and 
at the cost of productivity and equity in the distribution 
of water since managers have an interest in not communicating 
with fanners, in ’ rumour-monger ing' about water shortages, in 
engendering uncertainty, and in 'delaying deliveries. 

In the context of this paper, the issue is not a moral one. 

It is the straight practical question of how, where such 
conditions occur, it can be made rational for managers to 
change their practices. Apart from changes in the wider 
political system, several suggestions have been made (Wade 
1982; 320-1), of which the three strongest may be professional 
training, to include not only engineering and agronomy but 
also management science, and which should aim to foster the 
development of an ethos of professional service around 
operation and maintenance? the provision of storage interme- 
diate between dam and fields so that irrigators would have 
more control over their water supply? and strengthening the 
user side both by councils of irrigators and through an 
independent monitoring organisation, the reports of which 
would be made public. 

ii. the search for wavs all can gain 

With redistribution of water from headreaches towards the 
tails, it may appear that farmers in the headreaches must lose, 
and therefore oppose the change, but this is not necessarily 
so. In the classic and much cited case of the Lateral C on 
the Penarauda River Irrigation System in the Philippines, 
tighter management and redistribution of water led to higher 
yields for all locations (Wickham and Valera 1978) . 
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Quite often, he a dr each farmers appear to be locked in to 
their variety of the tragedy of the commons. This is especially 
marked with field to field irrigation of paddy. The abundant 
issue of water and consequent flooding, combined with the 
cultivation of paddy by his neighbours, remove any option from 
a farmer to grow anything but paddy; and then because all 
farmers follow this practice, water-logging, salinity and 
flooding ensue, reducing or eliminating yields. 

But with a change of water issues to a smaller but more 
controlled, convenient, predictable and timely supply, together 
where necessary with on-farm development (field channels, 
bunding, etc.), top-end farmers may be able to gain from loss 
water in the following ways; 

less waterlogging and salinity 
less damage from flooding 
less leaching of nutrients 

better returns to fertiliser and other input 
applications 

more varied and flexible cropping patterns, 
responding to demand and prices 

timely water for crop requirements 

higher cropping intensity, especially if some of the 
water saved (by switching from paddy and by 
restraining water issues at times of heavy 
rainfall) can be stored to support an additional 
crop (for example in South India by changing 
from one Irrigated ¥et crop to two Irrigated 
Dry crops, as preferred by some farmers 
. (¥ade 1978) 

more convenient schedulirg of farm operations through 
knowing when water will come (and release of time 
in between waterings for other activities) 

In short, the possibility is of enhancing the productivity of 
water and other factors such as land and labour through trading 
off less water with other characteristics of water supply such 
as fit in time and quantity wdth crop water requirements, 
manageability,- and predictability. 
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Not enough is known about the opportunities here, but an 
example from Sri Lanka is encouraging. After a field trip to 
the Kaudulla Project in the Dry Zone of Sri Lanka, M.P. Moore 
( 1980) wrote? 

’..the I.E. (Irrigation Engineer) wanted to give water 
for paddy to stage I (presumably in the head reach). The 
farmers responded with the request for water for highland 
crops for the whole scheme. Even stage I farmers supported 
this strong evidence that the higher prices of non-paddy 
food crops are weaning farmers away from their devotion to 
rice’ . 

In this instance, at the insistence of farmers against the 
irrigation management, both productivity and equity were, it 
seems, likely to be served by redistribution to other parts of 
the project of water that would otherwise have all gone to the 
top. 

Perhaps there is, over much headreach land in India, what 
might be described as a latent ratchet; a possibility of a 
collective change to a more productive, more profitable and 
more water-sparing farming system which is prevented because 
seepage, flooding and field-to-field irrigation lock farmers in 
to paddy. On large canals, the collective decision-making of 
smaller systems in Sri Lanka may be difficult. But a priority 
would seem to be to develop and use methods of farming system 
analysis which can identify potentially preferable cropping 
patterns, to try these on limited areas, and then to promote 
collective decisions to change. 

If analysis shows that topenders must lose, the issue is then 
political, and the most effective solution will be political, 
through providing means for tailenders to apply pressures and 
to negotiate redistribution. 

iii. purchase and distribution of land, or 'redistribution 
when growth ’ ^ 

A massive opportunity for all to be better off than before is 
presented by the redistribution of land at the time when new 
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irrigation is introduced. At that time, the land of farmers 
who will receive irrigation water is 'stretched': it is likely 
to have potential to produce more, to have a higher cropping 
intensity and decreased risk, and to double or treble or more in 
value. These are windfall gains. If, at the time these gains 
were occurring, land were bought from larger farmers and made 
available to very small farmers and to the landless, larger 
landowners could still end up much better off than they were 
before irrigation came. In some other versions of land 
reform, larger farmers are bound to end worse off. In this 
version, they might or might not be better off than they would 
have been without the reform, depending on the prices paid for 
the land, but they would be better off than they were before. 
Opposition to the programme, and subversion of it, might then 
be less marked. 

Redistribution 'when' growth is far from a novel suggestion. 

The land ceiling legislation in most Indian States differentiates 
between a higher ceiling for rainfed and a lower ceiling for 
irrigated land, implying that redistribution should take place 
when irrigation arrives. The opportunities presented have 
also been pointed out for lift irrigation by B.G. Verghese, for 
tank irrigation by A. Sundar and P.S. Rao, and for canal 
irrigation by Anthony Bottrall, 

In an article on lift irrigation introduced by the Been Dayal 
Research Institute in Gonda District, in eastern Uttar Pradesh, 
Verghese (1981) speculates as follows; 

'It might also be feasible to appeal to those whose farm 
sizes have been irrigationally 'stretched' twofold or 
threefold to donate a small fraction of the 'land gain' to 
a common pool which, if consolidated could result in the 
creation of a land bank of five, 10 or more acres in a 
village in a new variant of bhoodan in I'diich benefited 
individuals gift land to the community of which they are 
a part and on which crops or kitchen gardens could be 
cultivated by young farmers' clubs or hired labour for 
village school-feeding programmes, or fodder raised for 
landless dairy farmers, or fuel trees, or whatever. . . . ' 
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In a paper on land acquisition for minor irrigation tanks, 

Sundar and Rao (1981) observe that those -whose land is acquired 
for new minor irrigation tanks lose outs either they are 
allocated land -which is often not as good as that -which they 
lost, or they are compensated inadequately and late in cash. 

In contrast, those -within the command of the tank gain from the 
higher productivity and enhanced value of their land so that 
the effective holding after the completion of the project is 
twice or more that of the pre-project stage. If a small portion 
ofthe land of farmers in the command -were purchased from them 
with the money that -would otherwise have gone on compensation 
to those who lose their land to the tank, and if that purchased 
land were allocated to the evacuees, everyone would be better 
off than before. 

For canal irrigation, Bottrall (1981528) considers that there 
are "very good opportunities for land redistribution of the 
initial planning stage, before project completion". Indeed, if 
we examine the figures for India, the potential equity benefits 
for very small farmers and the landless of any effective 
programme of purchase and distribution of land when irrigation 
is introduced appear quite staggering. Table 1 gives the 
existing and ultimate irrigation potential in India: 

Table 1 

Existing and Ultimate Irri gation Potential, India 

(million hectares) 


Surface Irrigation 


Ultimate 

Major 

and Medium Minor 

Groundwater Total 


58.5 

1.5.0 

40.0 

113.5 

I98l/82(e 

stimate) 

28.6 

8.4 

24.5 

61.5 

Potential 

still 

29.9 


15.5 


to be realised 

6^6 

52.0 

Source s; 

1. Report 

of the 

Irrigation Commission, 

1972. 


2, Report 

of the 

National 

Commission on 

Agriculture 


3. Ministry of Agriculture and Irrigation, Central 
Water Commission and Central Groundwater Board. 

See also GOI 1982:59. 
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The Sixth Five-Year Plan envisages creating the remaining 
potential by the year 2000. To get a sense of orders of magni- 
tude, let us suppose that with shortfalls in target achievement, 
some 40 million hectares are added by the end of the century* 

If only one quarter of that land was purchased, 10 million 
hectares would become available. If landless families were 
settled on one irrigated hectare each, this could mean that some 
10 million households, drawn from the poorest, would become 
irrigation farmers, directly supporting perhaps 50 million 
people, and indirectly supporting many more in secondary 
employment. 

Gains in productivity could also be expected through the inverse 
relationship: the areas retained by larger farmers would be 
more productive per unit area by virtue of becoming somewhat 
smaller; and the new small farms should, partly because of their 
manageable size, be highly productive per unit area. 

n 

The difficulties of redistributive land reform are well known. 
With redistribution when growth takes place through new irri- 
gation, and with prompt compensation, there would be three 
points which suggest that the process might be politically more 
feasible: 

i, the farmers who sold land should find cash useful at 
the time when irrigation came. The exploitation of 
irrigation water usually requires further investment - in 
land shaping and levelling, in the construction of 
channels and drains, in the purchase of inputs, and in 
the employment of labour, 

ii. the farmers whO 0 sold land would be left with a more 

manageable unit. With irrigation, the management of a 
farm becomes much more demanding. Farmers who sold land 
might often find the new smaller farm easier to manage, 
and might even achieve a higher net income off that 
smaller farm, well capitalised, than off a larger area 
of land which was more difficult to manage and under 
capitalised, and which might otherwise be left fallow 
or cropped at a low intensity. 
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iii, in planning new projects with smaller rather than 

larger areas under command to allow higher intensities 
of irrigation. This would require careful appraisal, 
scheme by scheme. Especially where water can be 
carried over from season to season in storage, a 
smaller area covered by the ’membrane’, but which 
was covered by it (i.e. cropped) more often during 
the year, could, when combined with land redistribution, 
be more productive and more equitable. In this case, 
the larger farmers some of whose land was taken, would 
additionally gain through the higher intensities and 
the size of landholing that was viable for the newly 
settled farmers might be reduced, thus enabling more 
to be settled. 

The crucial question is whether a programme of ’redistribution 
with grov/th’ could be administered. The key aspects are the 
values set on land, and prompt payment. 

First, high enough prices . If purchase prices were set too 
low, it might look good in the accounts, but it woifLd 
aggravate the dangers of the process being subverted. An 
emphasis on ’purchase’ rather than ’compensation’ would 
require prices higher than the pre-irrigation land values, 
but in terms of families subsequently settled this might be 
cheap at the price. 

Second, prompt payment . Many schemes have fallen down 

9 

because of long delays in payment. Acceptance of a 
programme of land purchase would be much easier with cash 
on the nail. 

For both these reasons, purchase of land would be best under- 
taken in advance of the arrival of irrigation-because land prices 
would be lower, and because cash payments would be in time to 
allow larger farmers to invest in land improvement, 

A practical difficulty is that these activities would coincide 
-with other urgent and demanding work on the official side. With 
canal irrigation, these include dam and canal construction, the 
distribution of the first water, extension activities for 
changed agriculture, and on-farm development below the outlets. 
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Staff for land acquisition are liable to be engaged in 
obtaining land for canals and other works, A programme of 
’redistribution when growth' would require a greater concen- 
tration of staff effort at an early stage, and perhaps a 
special section or department. 

Conclusion 


To proceed further with some of the practical questions in this 
paper, would seem to entail, among others, the following next 
steps: 

i, field testing and development of operational criteria 
such as productivity and equity 

ii, analysis of alternatives in water scheduling, and how to 
determine optimal schedules, A textbook on this would 
appear a high priority, but the methods of analysis and 
scheduling have to be developed and systematised first, 

iii, the development, dissemination and use of methods of 
cost-effective farming systems analysis to identify how 
headreach farmers can benefit from less water 

iv, assessment of the potential for land redistribution 
through purchase from larger farmers at the time when 
irrigation comes, including a reassessment of current 
land ceiling practices. This would again include farming 
systems work to determine appropriate farm sizes for 
those who were settled on the purchased land. 
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1, Productivity is defined in Bannock, ’ Baxter and Rees* A 
Dictionary of Economics (Penguin 1972) as *The 'productive- 
ness* of a factor of production measured by e:^ressing 
output as a ratio to the amount of input required to 
produce it; or by expressing the change in output as a 
ratio to the change in amount of input required to bring 

it about* . I am using productivity in the first of these 
two senses. 

2, Water and Power Consultancy Services (I)Ltd., "Kailash”, 26 
Kasturba Gandhi Marg, New Delhi 110 001. 

3. I would like to be proved wrong and would welcome references 
to sources apart from those cited in this paper, where 
these aspects of irrigation management are considered 
together. 

4. There is a substantial subsequent literature derived from 
research by the Agrarian Research and Training Institute, 
Colombo, and Reading University. 

5. There is an interesting analogy with strategies in pastora- 
. lism on common land. An earlier theory had it that a_ 

constant level of stocking should be aimed at, the objective 
being sustained production at a safe and rather low level. 
This has now been challenged with a theory that range will 
be more productive if stocks are allowed to increase in 
good years beyond what was previously considered a safe 
level, recognising that heavy destocking would be necessary 
when bad years come. The conflict with equity arises 
because those with few stock are less well able to build 
up herds in good years, and are more vulnerable to losing 
stock or being unable to sell them, in bad years. 

6, The International Programme for Irrigation Management has 
emerged from discussions and explorations within the 
Consultative Group for International Agricultural Research, 
the Technical Advisory Committee of which set up a Study 
Team recommended priority to developing methodologies, 
together with training, selective information dissemination, 
and action research. The CGIAR endorsed the proposals as 
the highest next priority but budget cuts prevented its 
undertaking direct financial responsibility, A group of 
interested donors has asked the Ford Foundation to be the 
lead agency in taking the next steps in establishing the 
Programme. 
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7. I have -written this -without reviewing the experience 

with the operation of the land ceiling differential between 
irrigated and rainfed land. The reader is asked to bear 
in mind that for that reason some of the comments and 
suggestions may be misplaced, or may even be current 
practice. 

8. This is, I think, a valid argument, but it must be qualified 
by recognising the frequency with -which farmers tackle the 
problem of too much land to manage by leasing it out either 
for rent or with sharecropping arrangements, 

9* In Sri Lanka, in the H area on the Mahaweli Project, 

compensation was meant to be paid to farmers -who lost land 
above a certain acreage? but -when it was not assessed and 
seemed unlikely to be paid, unofficial compensation took 
place in the issuance of additional plots to the larger 
farmers, thus reducing the numbers of landless households 
that could be settled. 
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A NOTE ON MONITORING PRODUCTIVITY AND EQUITY IN 
IRRIGATION SYSTEMS 

*■ 

Roberto L. Lenton 

The purpose of this note is to outline some practical and 
operational methods to monitor the extent to which large-scale 
irrigation systems achieve productivity and equity objectives. 
Emphasis will be on defining the minimal amount of infoimation 
necessary to properly estimate the performance of an irrigation 
system in these terms, and to enable irrigation system managers 
to determine whether the irrigation system is performing correctly 
or not. As we shall see, even simple measures of performance 
require extensive measurement. For this reason, care should be 
exercised to limit the amount of data required to a minimum, in 
order to make it possible to operationalize performance monitoring 
for large-scale irrigation systems. 

In this note, I will use the word "productivity" in its more 
general sense to denote the output of a development project, and 
"equity" to refer to the quality of the distribution of that 
output. In particular, I will focus on two measures of the 
"productivity" of an irrigation system, and one measure of "equity 
and attempt to sketch possible ways to monitor these performance 
criteria for large-scale irrigation systems. The productivity 
measures are : 

1. Water delivery : quantity and timing of water 
delivered to farms 

2. Crop yield from irrigated land. 

The first of the above indices can be said to define the perfor- 
mance of an irrigation system, whereas the second defines the 
performance of the agricultural system associated with an irri- 
gation project (Seckler, 1981 b) . 


* The Ford Foundation, 55 Lodi Estate, New Delhi 110 003. 
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Three desirable characteristics of performance criteria for 
irrigation systems management are (l) that they be measurable 
for large-scale irrigation systems; (2) that they be measured 
against performance standards; and (3) that they be normalized 
between 0 and 1 (performance equals 1 when the irrigation system 
meets performance standards perfectly, and zero when it completely 
fails to do so) . 

In defining performance standards, I will adopt a "dynamic" 
approach, in which actual performance is measured against potential 
performance given current operating conditions and knowledge of 
design parameters. If performance is measured against this 
"updated" potential performance, it is possible to take maximum 
advantage of existing opportunities for improving irrigation per- 
formance, and adequate consideration of new constraints which 
might impede performance. 

Productivity Measures 

Before discussing the productivity measures in greater detail, 
a discussion Of the measurement of performance in terms of actual 
area irrigated is in order. This method of performance monitoring 
is a well established practice in India, where figures for 
"irrigation utilization", measured against "irrigation potential", 
are routinely compiled by Irrigation Departments. However, this 
procedure is far from satisfactory. It doesn't distinguish, for 
example, between areas that are adequately irrigated and those that 
are not; "irrigated" could mean anything between one poor irrigation 
and several adequate and timely irrigations. Purthermore, the way 
in which irrigation utilization and potential are defined and 
monitored in practice makes the concept viirtually meaningless, as 
is forcefully brought out in the report by the Central Water 
Commission's Committee on "Rationalization of Statistics and 
Methods of Assessment of Irrigation Potential and Utilization" 

(CWC, 1981) . For this reason, in this note I will concentrate 
on water delivery and yields, which in my opinion are more appro- 
priate indices of the productivity of an irrigation or irrigated 
agricultural system. 
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Productivity Measures 
Water Delivery 

Although water delivery is undoubtedly the most complete indicator 
of the performance of an irrigation system, it is very seldom 
monitored, even in research studies designed to analyze measures 
to improve irrigation management. This is perhaps understandable 
in view of the inherent ■ difficulties of both definition and 
measurement. Nevertheless, as we shall see, these methodological 
‘^i^^tculties are not insurmountable, and it is unquestionaly 
possible to establish programs to monitor water delivery per- 
formance over large areas at a reasonable cost. 

With water delivery performance, as with yields, the general 
approach I will follow in this note will be to define criteria 
at the individual farm level, and then proceed up the system, at 
higher and higher levels of aggregation, in order to define 
performance criteria appropriate for the outlet, minor, distri- 
butory, branch, and system level, I will describe these definitions 
in some detail, so that the complexity of monitoring performance 
at high levels of aggregation may be fully perceived. 

Using the notation indicated in Figure 1, one appropriate 
measure of water delivery performance (WDP) to take into account 
the quantity and timing of water delivered to a farm could be 
defined as follows s 

WDP. = J "^i ^ V* (t) 

t = 1 V*' (t) ' 

k(t) = 1 

t = 1 

where 

(t) = Volume of water delivered to farm i during week 

(or other time period) t of cropping season. 

vt (t) = Target volume of water to be delivered to farm i 

week t of cropping season, calculated for 
actual crops grown and existing conditions of soil , 
rainfall, and other sources of water. 
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k(t) -Weighting factor indicating the relative importance 
of water at different stages of crop growth. 

n = Number of weeks in cropping season. 

With water delivery performance defined in this way, WDP. would 
equal one if the water delivered to the farm during each week 
of the cropping season is equal to the target water delivery, 
and zero if water is never delivered, during any of the weeks of 
the cropping season, if water is delivered at the wrong times 
the wrong amounts, water delivery performance will 
vary between 0 and 1. 


I should note that several alternative definitions of water 
delivery performance might be possible. One modification would 
be to use a multiplicative function rather than an additive 
function, if WDP is defined in this manner, there should be a 
strong correlation with yield, since most functional relationships 
between yield and water delivery (other inputs being held constant) 
are defined in approximately this way. (Thus, if the data do not 
show strong correlation between WDP and yield, one might conclude 
that there are large differences in input use between farms). 
Another modification would be to’ explicitly account for the harmful 
effects of over-irrigation, perhaps by using t 


WDP^ 


n 

t: 




t = 1 / 


7 l(t) 


where 


^i(t) = 


k(t) (t) 
V| (t) 


k(t) V* (t) 


If <5" 


if V,-(t) > V* (t) 

JL 1 


(WDP. as defined earlier assumes that if water delivered is 

greater than target water delivery, water delivery performance 
is not affected) . Jr- 
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Yield 

Yields are relatively easy to measure and the methodological 
difficulties involved in monitoring yields are few. Perhaps for 
this reason, monitoring of crop yield is routinely done in both 
rainfed and irrigated areas in India and other countries of the 
region. Nevertheless, such data is usually collected on a block 
or district level basis, and there are not many examples of 
measurement of crop yields as an integral component of the per- 
formance monitoring of an entire irrigation system. The few 
outstanding examples include a program implemented by WAPCOS, 
which I will describe in a later section, and a program implemented 
by the National Irrigation Administration of the Philippines on 
the Upper Pampanga River (see Republic of the Philippines, 1980). 

The most straightforward way of defining a normalized indicator 
of yield performance is s 


YP. 


Y. 

1 

Yt 

1 


where 


YP. 

^i 

Yt 

1 


- Yield performance on farm i 

= Total yield for crop grown in farm i 

= Target yield (for example, yield obtainable in 
farm 1 given optimum irrigation and existing 
levels of inputs) . . 

This definition is useful for those areas (or seasons) where only 
one crop is grown - for example, irrigation 'during kharif in many 
parts of India, where paddy is the dominant crop. It would not 
hold for most irrigation projects during the rabi season, where 
more than one type of crop is grown, a more valid indicator of 
yield performance might be total farm output, defined in terms 

of total crop values (sum of individual crop yields multiplied 
by price) . 


The above definitions of water delivery and yield performance 
re<yil re the measurement of several variables. Irrigated area and 
yield arc comparatively easy to measure. Perhaps the most 
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difficult variable to measure is Vj^(t), the actual volume of 
water delivered during a given week of the cropping season to the 
farm. In order to estimate actual water delivery/ it is necessary 
to measure both the flow rate of water delivered to the farm, 
and the total amount of time that the fanm receives water during 
the week. Since measurement of flov7 under field conditions at 
the farm level can be complex (see Bhuiyan, 1981) , one simple 
possibility would be to measure the length of time a farm 
receives flow, and the area irrigated during that time, under the 
assumption that all farmers irrigate a given area to the same 
irrigation depth (Seckler, 1981) . Of course, estimating water 
delivery to a farm is simpler in rotational water supply systems, 
than it is in continuous supply systems (e.g. warabandi in North 
India) , since in the former case the date and time during which 
a farmer is due to receive water is known in advance, and the 
project monitors can simply verify that the farm is receiving 
water according to the known schedule. 

In addition to estimating actual water delivery and crop outputs, 
the above performance criteria require the estimation of perfor- 
mance standards, including (t) and These should be inter- 

preted as target levels of performance established by management. 
For example, (t) should not necessarily be equal to the water 
requirement of the irrigated crops. If management has a policy 
of extensive rather than intensive irrigation, the target volume 
of water delivered to the farm could be substantially less than 
crop water requirements, in order to maximize total production 
and area. Irrigation systems in Hairyana, for example, are designed 
and operated so that each farmer receives water to meet crop water 
requirements in at most one- third of the farm area. 

System Level Definitions and Sampling 

The above are farm-level definitions of water delivery and yield 
performance. In order to estimate performance at the outlet (or 
minor, distributory, branch, and system level) , we need to deter- 
mine similar definitions at higher levels of aggregation. Figure 2 
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illustrates the estimation of water delivery perfomance at 
the outlet level. Defining water delivery performance at the 
outlet level as the average water delivery performance at each 
of the individual farms commanded by the outlet# we obtain s 


WDP 




WDPj_ 


where 


WDP s= water delivery performance at the outlet 

N = Total number of farms in the outlet 

WDP^ = Water delivery performance at farm i (if farm i 
does not receive water# WDP^ equals 0), 


Figure 3 illustrates the way in which expressions for water 
delivery performance at the minor# distributary# branch, and 
system level may be defined. For example# water delivery 
performance for minor k may be written 


WDP^ 




WDPj 


where 


WDP. 


N, 


* Water del iveiy performance at outlet j 
= Number of outlets along minor k 


Although the above equations appear to imply the need to measure 
water delivery performance in each individual farm within the 
irrigation system# in fact this is not required. Rather than 
measure water delivery performance in each individual farm, data 
collection can become far more manageable by sampling individual 
farms within the system. For example, water delivery performance 
at the outlet may be estimated by the "sample average", as 

N 

s 

_i_ WDP. 

N i = 1 ^ 


follows ; 

yv 

WDP 






B'^in. 'Garial 


(N„ branches) 


DistrsMtory '-Canal . I 
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where 

WDP = Estimate of water delivery performance at the 
outlet (sample average) . 

WDPj^ = WDP measured at the i^ sample farm. 

N„ = Total number of farms sampled within the outlet. 

Statistical theory can then be utilized to define confidence 
intervals for these estimates of delivery performance. 


can be estimated by sampling 

ys 

WDPj 

lerformance at j sample outlet. 

Similar definitions can be found for estimating performance of 
distributory 1 , branch m, and the entire irrigation system. 

Equity Measures 

The definition of equity in an irrigation system has often been 
a subject of much debate. In my opinion, the clearest way to 
define equity is in terms of the variability of water delivery 
or yields between individual farms located within the command 
of an outlet or minor, distributory, branch or main canal system. 
I will illustrate the concept by defining variability in water 
delivery at the outlet level, and then generalize to definitions 
at higher levels of aggregation. 

Variability in water delivery within an outlet can be measured 
in several ways. One way, which would account specifically 
for the variability caused by farm distance from the head of the 
outlet, would be to measure the ratio between the performance of 
a farm at the head of the' outlet ('WDP^) and perfoimance at a 
farm at the tail of the outlet ('t^JDPj^) . Equity of water delivery 
(EWD) coiild thus be defined as s 


At the minor canal level, WDP 


k 


outlets s 


WDP, 


N. 


ks 


N. 




ks j = 1 


where 


y\ 

WDPj 


= Water delivery p 
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EWD 


WDP^ 


The above definition focuses only on performance at two extreme 
locations within an outlet. An alternative definition would be 
the range/ i.e. the difference between the maximum and minimum 
values of performance for all farms in the outlet. Normalizing 
to obtain a value between zero and one/ E'/SD would be defined by : 


mi? 


EWD 


min 


WDP 


'max 


where 


WDP_ 


max 


WDP^. 

iTiiXri 


Max 


Min 


\ 

I 


WDP^/ WP2/ 
WDP^, WDP2/ 


• / WDP, 


N 


. > 5»3DP, 


n 


$ 



In practice/ water delivery could be monitored at N sample 

s 

farms within the outlet/ and variability measured by the "sample 

range" obtained from the N sample values. However, the use of 

s 

the sample range suffers from several deficiencies/ including 
that it is very sensitive to the number of observations of per- 
formance made within the area, and particularly to the extremes. 

A more appropriate measure of variability is the variance in xirater 


(WDP^ - TOP) ^ 

The variance in water delivery performance can be measured in 

2 

practice through the sample variance s . A practical definition 
of equity of water delivery would then be s* 


deliveiry performance s 

N 



ETO = 1 - 


s 

TOP 


Definition of variability delivery performance at higher levels 
of the system can be illustrated with the help of Figure 3. At 


* Note that in this case ETO is not necessarily greater than zero. 
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the minor level, for example, two levels of variability are 
important j one, the variability in performance among all the 
outlets located along the minor? the other, the variability in 
performance among all the farms located in the command area 
of the minor. Using head/tail variability for the sake of 
simplicity, we can write s , 


Minor/Outlet Variability^, 

and 

Minor/Parm Variability 


WDP, 


t 


= h 


WDP (j = t? i = t) 
TfJDP (j = h? i = hi 


At the distributory level, there are three levels of variability 
distributory/minor, distributory/outlet, and distributoiry/farm - 
and at the branch and main systems levels, there are four and 
five levels of variability, respectively. Similar definitions 
hold> although from a practical point of view it is likely that 
only two levels of variability (that with respect to the next 
lowest order and canal, and that with respect to the farm) will 
be of interest. 

Example ; Monitoring of the Mahanadi Reservoir Project, Orissa 

The above monitoring concepts are well illustrated by an 
excellent program to monitor yields within an irrigation 
system which was conducted by Water and Power Consultancy 
Services (India) Limited during kharif 1980 on two irrigation 
systems in Madhya Pradesh (see WAPCOS, 1981 a). These were 
the Mahanadi Reservoir Project, which irrigates 180,000 ha., 
and the Hasdeo-Bango Project (41,000 ha.) , The program was 
undertaken by monitoring a large number of farms distributed 
within the irrigation system, and selecting heads, middles and 
tails both within outlets and along canal s^ The amount of 
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water received by the farms was not measured, making the esti- 
mation of water deliveiry performance impossible, but yields were 
assessed by crop-cutting experiments. The resulting farm yield 
estimates (for the Mahanadi Reseirvoir Project alone) are shown 
in Table 1 (WAPCOS, 1981 b) . 


Note : The views expressed in this note are the author* s and 

do not necessarily reflect those of the Ford Foundation.- 
The note draws heavily on material presented by the 
author at a special course on water management in irri- 
gation systems held at the Central Water Commission 
in January 1982. 
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Table 1 s Field Data From M.R. Project* 
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Table 1 (contd.) 
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* From WAPCOS, 1981 b. 














18 


Bibliography 

1. Bhuiyan, S.I., "Experience in Field Research in Irrigation 
Systems Management in the Philippines s Some Methodological 
Issues"/ presented at the International Seminar on Field 
Research Methodologies for Improved Irrigation Systems 
Management, College of Agricultural Engineering, Tamil 
Nadu Agricultural University, Coimbatore, September 15-18, 
1981. 

2. Central Water Commission (CWC) , "Rationalization of Statis- 
tics and Methods of Assessment of Irrigation Potential and 
Utilization", committee Report, 1981. 

3. Seckler, David, Internal Memorandum, The Ford Foundation, 

55 Lodi Estate, New Delhi, September 23, 1981. 

4. WAPCOS, "M.P. composite Project Outlet Studies - Summary 
Report", Water and Power consultancy Services (India) Ltd., 
New Delhi, February 1980. 

5. WAPCOS, Personal Communication, Sinchai Bhavan, Raipur, 

June 1981. 

6. Republic of the Philippines, "Report on the Input and Output 
Monitoring Program for the Upper Pampanga River Integrated 
Irrigation, Systems, Wet Season 1980", report prepared by 
Sycip, Gorres, Velayo & Co., consultants, for the National 
Irrigation Administration, Office for Operations, Irrigators' 
Assistance Department, Quezon City, 1980. 


PERFORMANCE MONITORING IN LARGE SCALE IRRIGATION 

SYSTEMS 


S.P. Malhotra, S.K. Raheja and David Seckler 

Part I 

Technical Programme of the Survey 


The Warabandi system of management and distribution of canal 
water for irrigation to cultivators in a specified region has 
been in operation in different parts of the country for a 
number of years now. The main features of the system are : 

i. Determining the time required for irrigating one 
acre of land with one cubic foot per second (cusec) 
of water discharge; 

ii. Determining the amount of water needed (cusecs) for 
the total irrigable area or the culturable command 
area (CCA) in the specified region (generally known 
as a chak) ; and 

iii. Allocating the time to different cultivators in 
rotation to be completed in a specified period 
(generally a chak) in a manner that all cultivators 
get water in proportion to their CCA in this period. 

Water is an essential input and has to be made available to the 
crop at crucial stages of crop gro\Arth for obtaining assurted 
yield level. However, the amount of water available is gene- 
rally short of the demand and accordingly, the Warabandi system 
has to be designed and implemented very carefully to ensure 
equitable distribution of water proportionate to the culturable 
command area with different farmers. 

Under the roster system of distribution of water according to a 
time schedule in the specified period, a cultivator gets water 
only during his fixed time allocation. He is thus assured of 


2 


the water supply at given intervals of time provided water is 
available in the canal. This is the chief merit of the system 
in so far as the system becomes self-policing without any 
external force or agency required to regulate and supervise the 
water supply at the outlet. The system, has legal sanctity and 
support and any breach of time allocation system or unauthorized 
drawal of X'^ater is vievred seriously. On the other hand this 
is also the chief demerit of the system since a cultivator gets 
water only once according to his time allocation in the entire 
rotation period and has to make do with the same irrespective 
of the stage of the crop* It may thus happen that water becomes 
available XA?hen it is not required by the crop and not available 
when the crop badly needs it. 

Another factor which may be important in the amount of irrigation 
water becoming available to a chak is the location of the chak 
or, in other words, the distance of the chak from the head of 
the canal or distributory . Although for a given level of water 
in the canal, the water supply to a chak is regulated through 
suitably calibrated and properly constructed outlet which releases 
a pre- determined amount of water, the actual level of water in 
the canal at the outlet might vary even from day to day because 
of various reasons like leakage or breach in the canal, defective 
or damaged outlets, etc. in the upper part of the canal. Thus, 
the greater the distance of the chak from the head, the greater 
is the possibility of the fluctuations in the water level in the 
canal which will affect the xvrater supply to the chak. The dis- 
tance of the chak from the head would thus be a crucial factor 
in the actual supply of water to a chak and may have to be taken 
into account appropriately. 

Similarly, within a chak, a field may be located near or away 
from the outlet, i.e,, at the head or middle or tail of the 
water course. Although the Warabandi system is so designed 
as to take into account the time required for filling of the 
water course right up to the inlet (Naka) of the field, the 
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possibility of the water supply to the field being affected 
by extraneous factors like breach or damage to the water 
course/ leakage of water, faulty construction of bed level 
of the water course, etc. Thus, the actual water availability 
to a field may not be the same as expected according to the 
time allocation and may to some extent depend upon the distance 
of the field from the outlet. As in the case of the outlet, 
the location parameter of field in the chak may also be an 
important factor in determining the amount of water available 
to the field. 

Yet another consideration in determining the water supply to 
the field is its level in relation to the level of the water 
in the water course. Normally, the field level is lower than 
the water level in the water course, ensuring uninterrupted 
water flow to the field. In case, however, the level of the 
field is higher than the level of the water in the water course, 
some device for lifting the water would have to be employed. 

This would entail additional expenditure on the part of the 
cultivator and may also result in reduced water supply to the 
field compared to that available from the xvater course. 

Keeping in view the above background, the main questions of 
interest in a study of this kind, therefore, are s 

i. Whether the water level in the canal at different chaks 
fluctuates from day to day in different periods, 

ii. Whether the amount of water actually available is 

according to the expected availability or the designed 
discharge, 

iii. Whether it irrigates entire culturable command area 
(CCA). , and 

iv. Whether the area irrigated gets water timely and ade- 
quately to meet the crop needs. 

A few other aspects of interest are s 

i. Cropping pattern in the various chaks or villages (to 
study the effect of irrigation on the choice of crops 
grown) , 
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ii. Extent of adoption of improved practices for various 
crops, and 

iii. Employment potential generated under the system. 

Obi ectives 

Keeping in view the aspects and points of interest as outlined 
above, the survey was planned with the following objectives s 

i. To detemine the extent of water available and area 
irrigated, 

ii. To investigate the effect of location parameters of 
the chak and the field on the water supply, and 

iii. To determine the extent of adoption of improved 
agricultural practices and yield level obtained. 

Sample Design 

The survey V7as of a pilot nature and covered one distributory 
in Hissar district of Haryana with a culturable command area 
(CCA) of about 7000 hectares spread over 52 chaks along the length 
of the distributory running to about 55 kilometers. The sampling 
design adopted was a two stage stratified random sampling with 
chaks as primary stage units and holdings in a chak as secondary 
stage units. For conducting crop cutting experiments, two more 
stages of sampling were introduced, the fields growing the crop 
under study as- the third stage units and a plot of given shape 
and size constituted the fourth stage unit. The sample Size was 
10 chaks, selected with equal probability without replacement. 

For convenience of operation, the 10 chaks were formed into 5 
crops of two chaks each and a group was assigned to one whole 
time field investigator. The number of cultivators in these chaks 
varied between 33 to 104, all of whom received water within a 
rotation period of 7 days. Accordingly, on each day of the week, 
two cultivators were selected for observation out of those whose 
turn for receiving water was on that particular day. For study 
of water distribution and utilization during the night, one 
cultivator was selected at random during one night in the week. 
Accordingly, there were 15 cultivators selected for observation 


5 


in each selected chak. In a few cases there was only one 
cultivator who received water throughout the day and in such 
cases the sample size was reduced. The number of cultivators 
finally selected in a chak varied between 12 to 15. Of the 
two chaks assigned to a Field Investigator* data on various 
parameters were collected by actual observations for each of 
the selected cultivators in one chak. Data in respect of the 
other cultivators in this chak and for all the cultivators in 
the other chak were collected by enquiry. 


PRODUCTIVITY AND EQUITY IN GAL OYA LEFT BANK, 
A SRI LANKAN IRRIGATION SYSTEM* 


Hammond Murray-Rust, Nancy St. Julian, Mark Sv ends en, Norman 
Uphoff, M.L. Wickramasinghe and C.M, Wijayaratne 

Agrarian Research and Training Institute 
Colombo, Sri Lanka 
& 

Cornell University 
Ithaca, New York 


The Gal Oya irrigation- settlement scheme is one of the largest 
in Sri Lanka, covering a geographical area of 600 square miles 
(1550 km ) , It is located in the south-eastern comer of the 
country in what is called the Dry Zone, because there is only one 
monsoon rainy season each year, concentrated between November and 
February. The average annual rainfall is about 80 inches, and 
while this may seem like a lost of rain compared with more arid 
areas under irrigated cultivation elsewhere, growing a second 
crop between April and August depends entirely on water fron the 
irrigation system, and supplementing rainfall with irrigation 
during the maj or crop season is necessary for reasonable yields. 
Both the main (maha) and minor (yala) crop are almost exclusively 
paddy . 

The scheme was begun in 1948 with the building of a main dam 
across the Gal Oya river, creating the reservoir (Senanayake 
Samudra) with a storage capacity of 770,000 acre-feet. This was 

* Co-authors are listed in alphabetical order. Wijayaratne and 
Wickramasinghe are members of the Irrigation and Water Management 
Group of ARTI? Murray-Rust, St. Julien, Svendsen and Uphoff have 
worked with the Group in various capacities on behalf of the Rural 
Development Committee of Cornell University under a cooperative 
agreement with USAID to support "participatory" approaches to rural 
development. Murray-Rust is currently on the faculty at Rutgers 
University and Svendsen is working on water management for the 
Asia Bureau of USAID in Washington. This paper compiled various 
pieces of analysis done under the joint ARTI/ Cornell project and 
represents work in process, not completed. 
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followed by construction of main canals to serve what are called 
the Left Bank and the Right Bank of the project area. (A 
Division comprised of areas previously cultivated with water 
diverted from the river is also served within the system.) 

Officially the Left Bank (LB) system irrigates 42,500 acres, but 
estimates of the actual area served (including encroached lands 
and private, non-settler holdings) range up to 65,000 acres or 
even higher. Such discrepancies mean of course that estimating 
"efficiency" of water use is very difficult. The channel system 
includes 32 miles of main and branch canals (LB Main, Uhana, 

Mandur, Gonagolla and other branches), 50 miles of major distri- 
butaries (called D-channels usually, corresponding to secondary 
canals in other systems) , and about 600 miles of minor distri- 
butaries and field channels (tertiaries and quaternaries) . 

The settlement program initially brought some 6,000 families to 

settle on about 24,000 acres in 40 colony units. Most of the area 

was previously uninhabited (though 500 or more years earlier the 

area had been known as "the granary of Ceylon") and was settled 

with Sinhalese from the interior highlands and western coastal 

areas. The project area in the lower reaches was at the time 

already cultivated by Tamils and many were "resettled" as colonists 
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in tail-end units. 

The Left Bank area was chosen for a major rehabilitation effort by 
the Government of Sri Lanka and USAID in 1978, because of the 
serious deterioration of the physical system with silted channels, 
broken structures, and inadequate water distribution.' About one- 
third of the LB command area seldom or never got water in the 
yala season. The LB households were thus poorer than in many areas. 
Recognizing that simply refurbishing the restoring the system phy- 
sically would not make for any lasting gains in productivity and 
welfare, the main purpose of the project was to improve water mana- 
gement. Both physical rehabilitation- and the establishment of 
farmer organisations for managing water after the rehab work was 
completed were provided for in the project. To get a better under- 
standing of how water and crops were actually managed in the system 
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and to have some standard for evaluating progress, a plan for 
socio-economic and agro- hydraulic baseline and monitoring studies 
was implemented by the Agrarian Research and Training Institute 
(ARTI) with technical assistance from Cornell University. 

This paper draws on data collected under this program of water mana- 
gement studies. ARTI assigned field investigators to gather data 
and supervise farmer record-keeping in 17 (approximately half) of 
the colony units randomly from the Left Bank, plus five units 
randomly selected from the Right Bank .and River Division as 
controls. Within each colony unit, a distributary channel was 
identified and field channels at the head, middle and tail of the 
D-channel in that colony area were selected. If the number of 
allotments on a selected field channel was less than 20, all were 
included in the study; if there were more than 20, a random sample 
of 20 was taken. 

The total number of farms/famers included in the first round of 
record-keeping and monitoring during the maha season of 1979-80 on 
the Left Bank was 536. In subsequent seasons this number had to 
be reduced somewhat due to financial and supervisory constraints. 
Virtually complete production and household data were gathered, 
and during the cropping seasons, daily readings were taken of the 
water flow above, at and below the D-channel gate in the main/ 
branch channel; at the head, middle and tail of the D-channel; 
and at the head, middle and tail of the three selected field 
channels (15 readings in all) . In addition, the status of water 
supply was observed and recorded daily for two bunded paddies 
( liyaddes ) for each of the farmers in the sample - one liyadde 
nearest the pipe inlet supplying water from the field channel, and 
one farthest from it - to ascertain field level water deliveries. 
These measures (over 1,000 field readings each day) complemented 
data on channel flows and provided the basis for the Water Availa- 
bility Index (WAI) discussed below. The level of water flowing 
through the pipe inlet was also recorded but analysis relating 
channel flow, inlet flow and water status in the field has not done 
so far due to data processing constraints. As can be imagined, the 
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amount of data generated from this program was immense and only a 

small part has been analyzed. The field investigators were closely 

enough supeirvised by ARTI staff officers, and internal checks on 

consistency were done, so that we have reasonable confidence in 
2 

the data. 

The physical layout of the system, and the location of various 
colony units, will be made clearer in the course of this paper. 
Extensive baseline data on the Gal Oya Left Bank have been reported 
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in the 1980 Yearbook for Sri Lanka Water Management Research . 

A number of papers have already been vrritten using the data 
gathered to date and we expect considerably more analyses and 
publications v/ill be done on this system. Here we will draw on 
several analyses of data done to date which address questions of 
"productivity and equity", the subject of this workshop, adding 
some detailed analysis of how the distribution of water relates to 
the use of non-water production inputs, and hov/ this in turn serves 
to amplify or reduce productivity differentials associated with - 
inequity in water deliveries. The analyses offered here can be 
extended with more data and with consideration of more seasons if 
we have more time and resources for this work. 

I. Productivity and Equity Variables 

Although productivity sounds more tangible and specifiable than 
equity, on examination it nevertheless presents some problems of 
measurement. Productivity has to be specified v/ith regard to some 
factor of production such as land, labor or capital. Unfortunately, 
these are often inversely related, so that the most productive use 
of labor is not the most productive use of land, or vice versa. 

One can try to aggregate all factors by denominating them in money 
terms, and then calculating returns on expenditure, but this assumes 
that the prices reflect true opportunity costs. It would require 
estimation of "shadow prices", about which these can also be con- 
troversy, to arrive at some figures representing aggregate pro- 
ductivity. 
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We prefer to begin more simply with physical productivity 
relationships, addressing returns from the factor of production 
which is seen as most limiting - land in combination with water. 
Sri Lanka has relatively abundant labor, and although capital is 
scarce, it can be multiplied or acquired more readily than can 
irrigated land area. In this analysis, we will treat as the 
measure of productivity, the numiber of bushels of paddy produced 
per acre or hectare. This is at least relatively unambiguous, 
and we would argue that it reflects the policy objective of 
government in Sri Lanka to move toward self-sufficiency in paddy. 

In the Dry Zone, land without adequate and reliable water supply 
is of little use, so when we speak of the productivity of land in 
this region, we have to be considering water as well. Our produ- 
ction function analysis of farm-level data shows that water 
application explains half or more of the variance in yields per 
acre. We could be trying to explain productivity in terms of 
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returns to water. But that would require measurements and con- 
versions beyond our means, so we will follow the simpler, 
straightforward practice of dealing with productivity in terms of 
land as the focal factor of production. 

There are even more ways of defining and measuring equity. We 
will not go into the philosophical questions of whether equity 
means complete equality of conditions, or whether ex ante equality 
of opportunity is equitable even if there is no ex post equality 
of outcomes. We assume that with regard to a situation of agri- 
cultural production, equity means all producers have something 
approaching equal access to productive resources, including water, 
even if not all are able to get the same results. There are some 
inevitable differences in skill and in factors such as soil or 
climate. Of special concern here, naturally enough, is equal 
access to water. 

In Gal Oya, because it was a settlement scheme, the original 
distribution of land was more even than in other parts of Sri 
Lanka or South Asia. Initial settlers were given four acres of 
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irrigated land per household, and later ones were given three 
acres, plus an unirrigated (highland) allotment of up to 2 acres. 
There has been considerably illegal subdivision and even leasing 
and de facto sale. This has created many smaller plots and some 
larger holdings than originally provided for. Still, the average 
holding throughout most of the Left Bank area is a little over 
two acres (0.9 hectares, with a standard deviation of 0.5 hectares, 
this means two-thirds are between 1.0 and 3.5 acres). There are 
some cultivators farming a fraction. of an acre and some others have 
accumulated 10, 20, 30 or more acres under their control, usually 
rented out in more nearly typical operational units. 

One could argue that equity in v/ater distribution would mean that 
all cultivators get an equal amount of water to use on whatever 
size holding they operate., thereby equalizing differences in the 
area of land controlled. We will, given the relative evenness of 
holding sizes, look rather at whether land areas get similar appli- 
cations of water, with a view to maximizing total production from 
the aggregate land and water resources of the area. This may not 
be agreeable to all, but we would like to proceed in this manner.^ 

Actually, because there are considerable variations in soil quality 
with regajrd to irrigation, exactly equal applications of water to 
each area might well not be regarded as "equitable". Should a 
farmer who was given sandier soil in the original settlement 
allocations have to make do with the same amount of water as another 
settler who got better, more water- retentive soil? That would 
hardly seem equitable. Some ideas of "adequacy" and "sufficiency" of 
water supply, as well as reliability and predictability, enter into 
farmers' calculations of whether they are getting a "fair" share of 
water for their fields. Determining equity in water distribution 
is difficult in large part because it is unclear what exactly should 
be measured. Some absolute standard m.ight require measuring soil 
moisture in the root zone of each farmer's crop, in which case the 
measurement would be extremely difficult. 
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CXir research effort has produced some methodological innovations 
for estimating adequacy of water distribution at the field level 
which we would like to explain before getting into an analysis of 
the patterns of water distribution and agricultural productivity 
on the Left Bank* We think these may be of some use to other 
researchers and to planners in other schemes and thus go into a 
little detail on how the two indexes were constanicted. Our measures 
of productivity, it should be said, were derived both from crop- 
cuttings on the thousand plus fields covered by our sample, and from 
farmers' own reports of their yield. That these two measures are 
highly correlated (r = 0.95) gave us considerable confidence in 
both our "objective" and "subjective" measures of productivity. 

We are able to develop "objective" and "subjective" indexes of 
water supply also. These had a somev/hat lower correlation 
(r = 0.67) but proved quite satisfactory for identifying patterns 
of inequity in water distribution within the Left Bank system. 

Without such measures we could not have addressed questions of 
productivity and equity as discussed next. 

li* Measures of Water Distribution 

Direct measures of water delivered to each field would have been 
exceedingly costly and time-consuming. But also, because soils 
in Gal Oya vary so much, the most relevant measure agronoraically 
would be the amount of moisture in the plants' root zone, not 
simply water delivered. ARTI used a simpler but more inclusive 
observational measure which implicitly adjusted for soil variations,® 
Each day, the water status of two plots was noted for each farmer 
in the sample and it was scored as follows s 

a. severe shortage of water (soil cracking) 

b. moderate shortage (soil dry) 

c. saturated condition (soil wet) 

d. standing water 

e. flooding, or flowing water. 

On the basis of the conditions observed, a VJater Availability Index 


(WAl) was computed for each farm (average score for the two plots) , 
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using a simple system of weighting, described below, to indicate 
the degree to which a farm's crop was more or less free from water 
stress during the growing period. 

Because the 50-day period between 20 and 70 days before harvest 
is considered critical for maximizing yields, representing the 
water-sensitive reproductive phase of the rice plant, the WAI was 
calculated for this period. The weighting was as follows ; the 
number of days in the first category (severe shortage) plus the 
number of days in the second category (moderate shortage) doubled 
plus the number of days in the third category (saturation) tripled 
and the number of days in the last two categories (standing or 

7 

flowing water) quadrupled. Since this was calculated for 50 days, 
the maximum score would be 200, and the lower the score, the more 
water stress the crop had to endure. 

With WAI calculated for each farm, an average WAI could be calcula- 
ted for those farms along a field channel, and comparisons could 
be made between the average WAI for farms along a field channel at 
the head of a distributary, for those along a middle field channel 
and those along a tail field channel, WAI could also be calculated 
for all farms within a distributairy area or for all farms at the 
head, middle or tail of field channels in a distributary area. This 
would indicate adequacy of water distribution within a system and 
within sub- systems. 

Complementing this was a Water Problem Index (WPl) calculated not 
for individuals but for farmers in a given channel area. When 
farmers were interviewed for the baseline survey, ARTI investigators 
asked them about the adequacy of their water supply and what problems 
they had. This information was used to construct a reported measure 
of water availability. Farmers could state that they had no water 
problems, or that they had too much water , unreliable water , a 
shortage of water , or no water at all , for both the maha (wet) and 
yala (dry) seasons. The WPI was calculated by considering only 
the latter two responses (shortage or lack of water) as they 
represented more serious probelms than the first two. To get a 
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weighting of the seriousness of water problems in the channel 
area/ the per cent of respondents reporting no water was double- 
weighted, and then the per cent of respondents reporting either 
problem in the yala season was double-weighted. This produced 
an index number for each area which assigned importance to 
having insufficient water or none at all, assigning extra weight 
to having none at all, and further extra weight to problems in the 
yala season when irrigation is crucial.^ 

These are not the only water problems a farmer can have, but they 
are indicative of the situation facing farmers in the respective 
areas. As a validation of WPI, we would note that it correlated 
even somewhat higher (-0.74) with yield than did WAI (0.70) . (The 
two indexes are, naturally, inversely correlated themselves given 
the way they are constructed.) We will show results based on this 
second measure of water distribution later in the paper. In the 
next section, we will be concerned with water distribution as 
indicated by WAI. The scores for the two indexes and paddy yield 
for each unit in the ARTI study are shown in Table 1 on the next 
page. The units indicated are shown on the map in Figure 1 (page 
11 below) . 

III. Distribution of Water and Yields Within Gal Oya Left 
Bank System 

Prom the daily measurements in the main/branch, distributary and 
field channels, it could be seen that reliability, frequency and 
adequacy of water flow all tend to decrease toward the tail end of 
channels. However, a simple "distance" conception of head, middle 
and tail does not hold up under careful examination. We learned 
this sometimes the hard way, having made certain initial assumptions 
such as found in the literature and which seemed perfectly reasonable. 

In the map on page 11, we show the location of the various units 
where water flow and paddy yield were measured and show also the 
initial sketching of "isoquants" of yield, reflecting our con- 
ception of the head- tail relationship. Senanayake Samudra, the 
main reservoir serving the system, is shown in the lower left hand 
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Table 1 

Gal Oya Left Bank Study Units Listed by Severity of Water Problems 
(WPI ) , Showing Also V^ater Availability Index (WAI) and Yields 
(bushels/acre)y Maha Season 1979/80 


Unit 



WI 


WAI 

Yield 

Category 

I 

« 

• 

Pew Water Problems 



23 



84 


191 

32.5 

17 



96 


177 

45.9 

_J 



105 


193 

48.5 


Average ; 95 


187 

42.3 

Category 

II 

* 

Moderate Water Problems 


21 



151 


184 

36.3 

24 



16 2 


182 

26.0 

32 



167 


182 

37.6 

2 



179 


187 

43.3 

30 



184 


173 

35.8 

26 



223 


196 

35.9 

12 



225 


186 

34.7 


Average $ 179 


184 

30.4 

Category 

III 

9 

# 

Serious Water 

Problems 



8 



294 


168 

31.0 

J 



316 


114 

25.1 

14 



360 


168 

23.5 

39 



385 


NA 

28.1 

7 



445 


167 

29.5 

35 



448 


NA 

31.6 


Average s 375 


154 

28.1 

Category 

IV 

# 

Extreme Water 

Problems 



D 



6 25 


NA 

19.4 

_E 



641 


148 

23.5 


Average , s 633 


148 

21.4 


II 


Figure 1: 

Left Bank-Gal Oya Yields of Sample Units - 
Maha 1979/«0 
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corner of the map (page 11), so the "tail" was seen as lying in 
the upper right hand areas, with intermediate areas as the "middle". 
The yield data gathered from the sampled units for the maha season 
1979/80 are shown on the map next to the unit numbers. One of the 
difficulties we found in our study was that yields varied consi- 
derably season- to- season, even though one might expect irrigation 
to have stablized yield. In fact water deliveries and rainfall 
were varied and even erratic. The season- to- season fluctuations 
can be seen from Figures 4, 5 and 6 for the three seasons after maha 
1979/80. But analysis of this would be the subject of still another 
paper. We would assert in any case that a one- season or even one- 
year survey does not provide a proper "baseline" for future com- 
parison and evaluation. 

Some idea of the variations in water distribution can be seen from 

charts in an appendix to this paper which show the depth of flow 

in the channel systems serving different units at the head, middle 
g 

and tail. The relatively even flow in the Left Bank main canal 
can be seen from the first figure (l-M). Even the distributary 
serving Unit 2 (LB6) has some differential in the maintenance of 
flow to the tail as seen by comparing Figures 1-DH and 1-DT. What 
is most striking is the falloff in deliveries to the tail of the 
three field channels monitored. Actually, the yields in this area 
are above average for the Left Bank, though not the highest (as 
one might expect). The overall water situation is relatively 
favourable even with distribution problems within the field channel 
system. This area was settled with households displaced from the 
reservoir's catchment area. They were not willing settlers and 
their agriculture had been shifting cultivation rather than 
irrigated paddy. Even 30 years later, their cultivation practices 
and their cooperation for irrigation purposes (cleaning field 
channels and rotating water among fields) leave much to be desired. 
It is interesting that, given sociological factors of this sort, 
some areas in this head-most unit can experience water shortages. 

Unit 21 is served from the Uhana branch canal and is within the 
head-end area of the Left Bank system^. The distributary UB9 passes 
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through the unit and on into Unit 20/ which represents the tail- 
end area for UB9 command area. So we do not see much falloff in 
deliveries as the tail for Unit 21 is still in the middle reaches 
of UB9. We do see that even the field channels in Unit 21 experience 
some decline in water flow in the tail area and we know that there 
has been considerable decline in water reaching the tail areas in 
Unit 20. This distributary command area is one of those where 
Institutional Organizers (lOs) recruited and trained by ARTI have 
been posted to establish farmer organizations for water management. 

In the last two yala seasons/ with farmer cooperation and no incre- 
ase in water issued to UB9/ it has been possible to serve the whole 
command area adequately by instituting rotational distributions/ 
sending water to tail-end field channels during the first days of 
each issue when necessary/ and by closing the pipe inlets of head- 
end fields along each field channel for the first few days. This 
system has sometimes broken down/ especially when the main system 
issues have been changed without notice/ but on the whole conside- 
rable improvements have been possible by farmer effort and ini- 
tiative. 

Unit 8/ served by the Mandur branch canal/ is in the middle of the 
systemi. The water deliveries are less adequate overall/ though the 
particular D- channel has the advantage of being located immediately 
upstream of a major regulator, so its head of V7ater is higher than 
for many other D-channels, This advantage is reflected in the flow 
readings for the two Unit 8 field channels shotvn. Both are well- 
placed relative to the rest of the large and complex network of 
channels making up the MS command area. Also, flows within these 
field channels are relatively even between head and tail. We have 
not done enough sociological studies in this area and the organi- 
zing efforts there are just beginning this month in the MS area, 
so we can only surmise that with the relatively smaller supply of ^ 
v/ater, some informal mechanisms have been instituted by farmers to 
get more equal distribution. We do not know the details of flow in 
the tail reaches of MS, but will be underbaking organizational work ' 
there too. We know that there were crop failures in the tail end 
areas of MS distributary in both 1980 and 1981 yala seasons. 
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When we come to Unit 7, which is in the tail area# we see that in 
the maha season, it got virtually no water. The one issue which 
reached the field channel monitored arrived when the crop was 
already mature. The circumstances in the yala season, when any 
crop depends entirely on irrigation, are usually no better in this 
unit, so no crop is planted as a rule. 


SCHEMATIC CHANNEL LAYOUT OF HEAD, 
MIDDLE AND TAIL AREAS OF MAIN, DIS- 
TRIBUTARY AND FIELD CH/iNNELS 


This <jaick overview of water flows within the Left Bank system, show- 
ing channels where measurements have been graphed, sets and stage 
for discussing the distribution of water and yields more syste- 
matically. But first, we should offer a schematic diagram (Figure 2) 
which makes clearer the references to subsystem areas we will be 
comparing. The temptation was to draw a neat geometric layout of 
main, distributary and field 

channels, with head, middle Figure 2 

and tail of each laid out in 
perfect proportions. Our work 
in Gal Oya has made us acutely 
aware of how ungeometrical and 
how unsymmetrical the actual 
channels and command areas are, 
at least in Gal Oya, if they are 
to take advantage of the "energy" 
which powers any such irrigation 
system - gravity. There have 
to be some long and irregular 
channels to serve the commanded 
area, and the soils that are 
irrigable are not necessarily the 
best or even good. Figure 2 does 
not show the kind of intricate 
net-work of sub-field channels and 
sub-sub-field channels which we 
(and farmers) have to deal with 
in reality. In practice on the 
Left Bank, we have field channels 
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that serve as many as 200 acres (v/ith some sub-field channels/ of 
course, but only one turnout from the D-channel) and some D-channels 
directly off the main or branch canals that serve as few as 20 
acres. So even Figure 2 is highly idealized for purposes of ex- 
position. Some of the most overlooked problems of inequity in 
distribution come not simply from the gross differences dictated 
by the natural laws of gravity and distance which are quite pre- 
dictable but from the quirks of topography and soil quality. 

Figure 2 depicts head, middle and tail distributaries off a main 
canal, with head, middle and tail field channels shown off each 
D-channel. Our analysis here compares the Water Availability 
Index and the yields for farms in these nine areas. The figures 
for this analysis are shown in Tables 2 and 3 on the next page. 

The D-channel areas for which the analysis was done are two or three ■ 
in each situation - D-channels in Units 2 and 21 as head areas, 

10 

Units 8 and 10 as middle areas, and Units 7, 14 and E as tail areas. 
The most consistent and important differences are in water avail- . , 
ability and yield between head, middle and tail D-channels, shown 
in the right-hand column of Tables 2 and 3. The differences shown 
in Tables 2k and 3A, between head, middle and tail field channels 
within a head, middle or tail location are not as great, and not 
always in a consistent direction. The size of sub-samples was 
between 30 and 50, so there may be some margin of error in the 
figures, but we think they are reasonably representative. That 
yields in tail field channels are not as low as expected based on 
water deliveries can be due, at least in some instances, to the 
effects of drainage water, an underestimated factor in both pla- 
nning and evaluation of irrigation systems ( ignoring farmers’ 
innovations to exploit all available water) . Also many tail-end 
areas have soil with more clay content and therefore do not suffer 
from reduced water supply to the same extent. 

We have analyzed separately the vjater availability and yields on 
farms where were at the head, in the middle,, or at the tail of 
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Table 2 

Differences in Water Availability Index (WAI) by Field Channel and 
Farm Position 


Table Hk 

Head PCs 

Middle FCs 

Tail FCs 

Average 

Head D- Channels 

190 (H^) 

186 (H ) 
m 

184 (H^) 

186 

Middle D-Channels 

181 (M^) 

176 (M^) 
m 

175 (M^) 

177 

Tail D-Channels 

164 (T^) 

166 (Tj^) 

151 (T^) 

160 

Average 

178 

176 

170 

174 

Table 2B 

Head Farms 

Middle Farms 

Tail Farms Average 

Head D-Channels 

186 

183 

185 

185 

Middle D-Channels 

180 

177 

175 

177 

Tail D-Channels 

166 

152 

161 

160 

Average • 

177 

171 

174 

174' 

Table 3 

Differences in Yield (Bushels Per Acre) By Field 

Channel 

and Farm 

Position 

Table . 3A 

Head PCs 

Middle FCs 

Tail FCs 

Average 

Head D-Channels 

44 (H^) 

37 (H ) 
m 

45 (H^) 

40 

Middle D-Channels 

39 (M^) 

29 (M^) 
m 

31 (M^) 

33 

Tail D-Channels 

23 (T^) 

23 (T ) 

— m 

22 

2® 

Average 

35 

30 

34 

33 

Table 3B 

Head Farms 

Middle Farms 

Tail Farms Average 

Head D-Channels 

52 

34 

40 

4 2 

Middle D-Channels 

36 

28 

40 

35 

Tail-D- Channels 

22 

30 

2§ 

2§ 

Average 

37 

31 

35 

34 

Note : Averages are 

unweighted and 

rounded,, so are not exact in all 

■■■ case:s:. , ■ , . . . ,, , 

Sources s Tables 2- 

1, 2-2, 2-4 and 

2-5 of 1980 Yearbook, 

op. cit. 
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field channels within a D- channel area (Tables 2B and 3B) . There 
is more difference between WAI and yields on head field channels 
compared to tail field channels/ than betv/een head farms and tail 
farmS/ indicating that in general/ it is more advantageous to be 
located on a field channel at the head of a D-channel command area/ 
even at the tail of that field channel/ than to be simply at the 
head of a field channel/ say, at the tail of the D-channel. Of 
course/ many other factors than simple location come into play 
affecting both water availability and yield, so we do not want 
to make too much of this. 

We can get some indication of the priority of water availability by 
calculating rank-order correlations between WAI and yield according 
to different sequences of location within the system s (A) head 
D-channels first, i.e. according to the notations in Figure 2 - 
H^-H^-H_|_-M^-M^-M_j_-T^-T^-T_|_; (b) a modified "diagonal" sequence - 

H, -H -M, -H -M -T, -M,-T -T ? and (c) head locations near the main 
hmntmhtmt 

channel first - H, -M, -T, -H -M -T -H.-M.-T, * The respective corre- 

h hhmmmttt ^ 

lations for these sequences with WAI are s 0.98, 0.93, and 0.55, 
while the correlations for these sequences with yield are : 0.85, 
0.75/ and 0.26. This underscores the significance of differences 
in WAI and yield among D-channels compared to differences within 
D-channel areas or between field channels. 

The general relationship between water availability and yield at 

the unit or D-channel level is shown in Figure 3, with the plotting 

of a simple regression of yield on WAI for the 1979/80 maha season. 

One cannot expect a perfect relationship between yield and WAI, 

2 

though the simple correlation coefficient was 0.88, and the R 
was 0.77. This close statistical fit is heightened in part by 
the aggregated units of analysis, but as we will see later, it 
is still rather close when disaggregated further with data for 
the following three seasons . This shows us that production, even 


in maha season/ depends predominantly on water. There are other 
factors affecting yield - on-farm water management, pest and 
disease attacks, application of fertilizer, hand weeding or use 
of herbicides, and other aspects of crop management, WAI does 
reflect certain qualities of soil (e.g., soil hydraulic conducti- 
vity, depth of water table) and also fajaner water management 
practices (e.g., levelling, bunding, etc.). But it does not 
indicate certain other aspects such as soil fertility. In 
addition, as presently calculated, it does not distinguish between 
continuous and intermittent water stress on the growing crop. 


Figure 3 


RELi^iTIONSHIP BETWEEN MEAN YIELDS AND ME^IT WATER AVAIL?iBILITY INDICES 
OF UNITS 


Y = 33.83 (S = 8.9) 

WAI = 174.8 (S = 15.1) 


5Q 
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Still, given these qualifications, we find WAI a useful indi- 
cator and find rather definite relationships between WAI and 
yield. We have done linear regressions of yield on WAI with 
data aggregated only at the field channel, not the D-channel 
level, for three seasons (yala 1980, maha 1980/81 and yala 1981), 
We have also drawn isoquants on maps of the Left Bank area for 
the three seasons showing levels of water availability and 
yield (Figures 4, 5 and 6)."'"' What is most instructive is to 
note how much more refined the analysis is compared with 
Figure 1, where a much simpler relationship was indicated 
between distance from the main reservoir and water/yield levels. 
We find quite irregular isoquants, reflecting relatively high 
water availability all along the Uhana branch canal and down 
into the areas served by the Malwatta, Chadayantalawa and 
Sammanthurai distributaries (these function more as minor canals 
than as D-channels). Regressions of yield on WAI are shown for 

each season in Figures 4-6. Given the qualifications noted 
2 

above, the R values showing the strength of relationship 
between the two variables at this level of analysis are surpri- 
singly high. When data for all three seasons were combined, the 
summary relationship resulted; 

Yield = -32.35 + 0.A8 WAI (R^ = 0.46| N = 72) 

Given the maximum and minimum levels of water availability, on 
the basis of this equation the average maximum and minimum 
levels of productivity for the Left Bank would range between 64 
and 27 bushels per acre. 

In a separate analysis, multiple linear regression was done to 
consider the effects of water stress together with other inputs 
such as fertilizer applications, labor input, etc. In the most 
satisfactory model (for yala 1980), more than half (57%) of 
yield variability was still accounted for by water alone. This 
finding strongly supports the results of the simple linear 
regression relating yield directly to water availability. 

The location of farms was found to be the most important single 
factor which determines a farm's WAI. The outcome of the 
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analysis of the relationship between location and respective 
yield levels over four consecutive seasons can be summarized as 
follows. First, there was no significant correlation between 
yield and location of farms along the field channel . The 
location of field channels along the distributary also did not 
appear to influence the level of yields of farms along the 
respective field channels, whether they were at the head, middle 
or tail. Given the smaller size of sample at this level, the 
factors cited earlier would have diluted any real relationship 
between ^ield and ¥AI at the field channel level. However, as 
expected, vahiation among distributaries was seen to be 
significant, and mean yields of farms located on the tail-end 
D-channels were substantially lower than for head and middle 
D- channels. 

To some extent, these gross head-tail differences can be 
attributed to deficiencies in main system management j as Wade 
and Chambers have characterized the problem.”^ Improvements in 
such management should he able to correct at least some of the 
inequality of water availability in Gal Oya. But the Left Bank 
system is in such deteriorated condition that even with more 
sufficient personnel and more adequate communication and 
management procedures within the Irrigation Department, which 
are unfortunately lacking, the control over water distribution^ 
among D-channels is minimal. In only 3 out of 14 units studied 
was there any evidence that the D-channel offtake had been^ 
closed for at least a day when water was flowing in the main or 
branch canal, and at only a few locations had the gates been ^ 
operated so as to alter significantly the flow of water entering 

the D-channel. The reasons for this were; broken gates (an 

increasingly severe problem the farther downstream one goes on 
main and branch canals); lack of effective operation by lower- 
level staff of the Irrigation Department; and farmers opening 
gates by themselves with homemade wrenches if the gates have ^ 
been closed by ID staff. The consequences of these shortcomings 
in control over water in the main system is that D-channels in 
the upper reaches get water at will (and sometimes in excess 
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when gates are not or cannot be closed) and there is then 
not enough water to serve the lower reaches. 

Lest this be thought to explain fiHly the differences in water 

distribution and yield, we should add other factors observed in 

the Left Bank, some of which have been alluded to already. 

First, the channel configurations are very irregular, with 

immense variation in length and in the number of bifurcations 

of flow before a given farm is reached by water from the main 
^ A" 

system. Some of the most complex and difficult D-channel and 
field channel systems unfortunately are found toward the tail, 
as topography dictates divergence downstream and therefore 
greater lengths. Second, even if some offtakes have not been 
tampered with, they are not always set at the same level and 
some are thus more favorably situated than others. We noted 
already the situation with regard to M5, where being upstream 
of a regiilator gave it better flow and head. Such differences 
in structural features of D-channels will modify the effects of 
"distance” as a simple measure. Third, there are effects from 
differences in channel condition, due mainly to lack of 
maintenance. The Irrigation Department is supposed to maintain 
D-channels down to the last half mile (or length serving less 
than 50 acres), but this has not been possible due to inadequate 
funds and difficulties in controlling contractors and laborers 
doing the maintenance work. Farmers are supposed to maintain 
field channels (and the tail ends of D-channels) but the 
mechanisms for organizing and enforcing this work have been 
deficient. Only now with farmer organizations being introduced 
has much maintenance work been done to improve channel flows. 
Fourth, there are differences in soil quality which mean that 
the agricultural value of given amounts of water delivered will 
vary from area to area, even field to lielo. The WAI reflects 
soil quality, but in the absence of a management system which 
gives more water for sandy soils and less water for soils with 
more clay content, there will be inequities even if the water 
delivered is the same for all areas. Fifth, there are differe- 
nces in the polittcal connections which farmers in certain areas 
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have — the ability to get claims for more water heard and 
attended to. There is limited capacity to control water within 
the main system, as we have noted, but some of the areas which 
are best watered are known also to have political "clout" and 
even if they lie more toward the middle than the head their ¥AI 
is much higher than would be otherwise expected. There may be 
a sixth factor, which represents topography and hydrogeology, 
such that some areas, e.g. Units 3 and 26, get more drainage 
and seepage v/ater than other areas. These areas lie toward the 
River Division, the natural drainage system for Gal Oya, which 
could help to account for why certain "middle" areas fairly far 
down the system get such high yields, correlated with high water 
availability (WAI) as seen in Figures 4-6. 

Some of these factors should contribute to greater water and 
yield differences within D-channel or field channel command 
areas — channel configuration and bifurcations, inadequate 
maintenance of channels, differences in soil quality — while 
others -- defects in D-channel offtakes, political influence, 
and topography and hydrogeology — should mitigate a simple head- 
tail "distance" factor to explain water and yield differences. 
With all these qualifications introduced, the main "pattern" 
discerned in the Left Bank area is an overall advantage at the 
head end and ultimately acute disadvantage at the tail, with 
some of the factors mentioned above giving some advantage to 
certain areas within the "middle". 

There is controversy whether improving main system management 
with physical rehabilitation of the system, to distribute water 
more equitably among D-channel areas, would result in gains in 
productivity, though there would be some improvements obviously 
in equity. The exact area served by the Left Bank channel 
system, as noted at the outset, Is not known for certain. Some 
of the private lands area, .left with prior inhabitants of the 
Left Bank or their descendents, gets water from the system, 
often drainage water, but it is not figured in most estimates 
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of the extent served. Also there has been major expansion 
through encroachments of the area getting water directly or 
indirectly from the system. Many of the encroachers are sons 
and daughters of original settlers, trying to scrape out a 
living on fractional holdings. But in some cases there have 
been powerful outsiders moving into drainage areas and taking 
control over them, usually renting the land out in small parcels 
to second - and third-generation settlers. In the case of 
large holdings, there may be an equity issue to be addressed. 

But where tie ''excess" area is one, two or three acre holdings 
worked by households perhaps even poorer than registered 
settler households and re-using drainage water through ingenious 
methods, it is not clear that taking water away from them will 
enhance equity, except by serving similarly poor households who 
have a longer- standing claim on the water* The seepage and 
percolation losses of transmitting the water farther may mean 
that fewer total poor households are served thereby, so it is 
indeed a complicated matter. It is doubtful whether there is 
enough water available each season from Senanayake Samudra to 
serve the entire de facto command area even with the best 
possible water management practices by farmers. 

The program to improve water management in Gal Oya under the 
Water Management Project which the Government of Sri Lanka and 
USAID have sponsored, has yet to grapple with this problem. 
Having farmer groups able and willing to utilize water 
economically — by having done good channel maintenance, by 
rotating water within field channels and among field channels 
to get adequate and even water distribution to all fields, and 
by closing off turnouts and gates as soon as enough water has 
been received — is an important step toward redressing 
differences in water availability and production, and farmers 
at the head end have shown themselves more willing to accept such 
activities and responsibilities than we had anticipated. But 
the broader questions of equitable distribution remain. 
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IV. FARMER RESPONSES TO DIFFERENCES IM WATER AVAILABILITY 

There are a number of ways in which farmers can respond to 
situations of unequal water distribution, which includes uncer- 
tainty of supply as well as overall inadequacy. Elsewhere 
we have looked in more detail at farmer preferences under 
differing conditions of water abundance, shortage and absolute 
scarcity. Farmers were asked in the baseline survey (1980) 
whether they preferred to have water managed by a government 
officer, a farmers' council or committee, or a traditional 
irrigation headman ( vel vidane or v;atte vidane ) . Comparing 
■ responses to this question with the severity of water problems 
in the farmers’ respective areas, as measured by the Water 
Problem Index (WPI) discussed previously, we were able to draw 
some conclusions about this which will be reported here in 
brief. 

To begin, those units which favored having a goverrmient officer 
handle water distribution had an average WPI of 137, very low 
compared to 253 for those units favoring a farmers' council, or 
437 for those units preferring a vel vidane . (Overall, 41 per 
cent of farmers favored a committee system, and 27 per cent each 
favored government officers and vel vidanes ). The correlations 
of WPI with preference for government officer and for vel vidare 
were the perfect inverse of each other, - .75 and .75 respect- 
ively, and plotting the data showed the relationship in both 
cases to be reasonably linear. Farmers with the least water 
problems preferred having a government officer handle water 
management and were least disposed to suggest giving such 
responsibility to a vel vidane ; farmers with the most serious 
water problems were quite negatively disposed toward government 
officers and strongly favored having vel vidanes. 

The correlation of WPI with, preference for farmers' countil was 
-.28, fairly low and not significant, but in fact this was 
because the relationship between WI and preference for farmers' 
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council was curvilinear rather than linear. Indeed, a U-shaped 
curve had been posited previously on theoretical grounds and 
was supported statistically, when a curvilinear equation produ- 
ced a rather high = 0.54. This was almost the same as the 

2 -17 

R for the other two linear equations; 0.56 (R = 0.75). ' 

The theoretical proposition was that where water is abundant, 
one would expect farmers not to care to invest their time or 
effort in participating in decision-making or implementation 
of water management. Instead, they would be satisfied to let 
an official perform these duties, since farmers would be getting 
enough water anyway. At the other extreme of scarce water 
supply, the most tenable rule for. allocation would be equal 
shares based on some fixed criterion (water per Capita or per 
acre), and this would only need to be implemented and enforced, 
again not necessarily requiring participation by farmers or 
their representatives since "rationing” of water would be 
relatively straightforward. In some "middle range" of water 
availability or water problems, broader participation would be 
cost-effective for farmers since some "optimization" rather than 
simple "rationing" would be possible and desirable. This mode 
of water management would require considerable input of 
information into decision-making and would require negotiation 
and compromise of competing claims toward the goal of maximising 
total production from the available water supply, taking local, 
even field-to-field variations into account. 

This formulation may be "too neat", though the data quite 
conveniently support it. One qualification is that some kind 
of collective action by farmers in water- scarce areas may "pay" 
even if a single individual acting in an executive capacity can 
handle water distribution satisfactorily. Where some group 
action can improve or maintain channels, can acquire water from 
other sources or can lobby for government investments/ decisions 
to improve the water situation, famers have an interest in 
more than a headman institution for dealing with water problems. 
What we could see from the data was a disposition for farmers 
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who had water problems of moderate to great severity to prefer 
decision-makers handling water who were accountable to the 
community of water users, rather than to bureaucratic superiors. 
There has been some suggestion in the past that water problems 
are likely to be so divisive hat some "outside" and presumably 
more impartial decision-makers should be engaged in water 
distribution roles. Certainly this is not the implication of 
farmer responses in our study and in our experience with farmer 
organization for water management in Gal Oya to date. Indeed, 
to our surprise, even farmers in head-end areas of Uhana branch 
have been rather willing to take on responsibilities for water 
distribution and even some water saving to assist tail-enders 
in their D- channel area and also downstream. It tiorns out 
that in Gal Oya at least, even many head-enders have water 
problems, such as seen from the pattern of water flow in field 
channels for Unit 2 (Figures 1-F-1, 1-F-2 and 1-F-3) . ¥e have 
found that when mechanisms have been proposed and assisted by 
ARTl organizers to institute field channel and D- channel 
associations for water management, so as to reduce inequities 
within the system, the farmer response has been positive. 

Farmers who are "selfish" in private — * that is, who waste water 
and will not make an effort to use water more efficiently as 
long as no issue is made of this — will be more "generous" when 
everyone's behavior in using water is made a public issue 
through group discussions and decisions. ¥e are still trying 
to learn more about how and why farmers may take responsibility 
for water management, at different levels as well as for diffe- 
rent tasks. Our conclusion so far is that when faced with 
inequalities in water distribution, more participatory rather 
than more bureaucratic (top-down regulatory) mechanisms seem to 
be desirable. At least we have found ample basis for experi- 
menting in this direction. . 

Another kind of response which we would like to explore here 
concerns the use of complementary production inputs when water 
is unequally distributed. Does this discourage use of higher 
technology inputs, so that yields are correspondingly further 
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depressed and the production consequences of water distribution 
inequities tend to aggravate inequality within the system? Or 
are inputs of labor, fertilizer, etc. increased to compensate 
for water differences, in order to meet household survival needs? 
¥e have done some econometric analyses to get some answers, at 
least tentative, to these questions. 

To compare input use for different levels of water availability, 
we divided the sample of farms covered in the 1980 y ala season 
record-keeping into three groups. The level of WAI = 150 was 
taken as a critical breaking point since below this, a field 
would on average have a daily score of less than 3 (soil satura- 
ted) and plants would be in more or less constant stress. If, 
on the other hand, the plants were at least half the time in 
moist soil (WAI = 175) these water conditions can be considered 
good if not ideal (WAI = 200)* So, we have analyzed the farms 
falling in three categories: WAI 175 or higheri WAI between 150 
and 174| and WAI less than 150. The data are not complete for 
all cases, but the size of these groups is respectively: 316, 

93 and 27, in our yala 1980 sample, for a total of 430. The 
average statistics for the three groups are shown in Table 4, 


Table 4 

FAfM PRODUCTION STATISTICS, BY WATER AVAILABILITY STATUS OF FARM 



WAI 175 

WAI 150 

WAI less 


or more 

to 174 

than 150 

Average farm size (ha) 

0.88 

0.93 

1.15 

Average yield (kg/ha) 

2735 

2287 

1682 

Total Labor Inputs (man-day 
equivalents per ha) 

98.6 

88.2 

74.7 

( Family Labor) 

(51.1) 

(38.7) 

(25.0) 

(Hired Labor) 

(36.2) 

(42.8) 

(49.7) 

(Exchange Labor) 

(11.1) 

( 7.8) 

( 0.0) 

Power Traction (Rs/ha) 

828 

771 

516 

Fertilizer (nutrients kg/ha) 

112 

103 

133 

Plant Protection (Rs/ha) 

222 

211 

203 

(Weedicides) 

(138) 

(128) 

(77)* 

( Insecticides/Fungicides) 

(84) 

(83) 

(126)* 


*It appears that because brown leaf hopper was a more serious 
problem at the tail, farmers in this category '’shifted" 
expenditure between weedicides and insecticides. 
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As noted earlier in the paper, the average size of holding is 
somewhat larger (30 per cent) for the poorly-watered holdings 
compared to the best watered ones. This does not fully compensate 
for the lower productivity on the poorly- watered farms because 
their average yield per hectare is 40 per cent less. The total 
labor input per acre is 25 per cent less on the poorly- watered 
farms, reflecting particularly differences in broadcasting vs, 
transplanting techniques of sowing. On the average, labor 
productivity is lower on the poorly-watered farms. The amoiont 
of family labor invested per acre on the poorly-watered farms 
is about half that on the best-watered ones, and the (unpaid) 
exchange labor is nil, whereas hired labor is 28 per cent more. 
Less power traction is employed in land preparation and other 
tasks as well (38 per cent less). Fertilizer inputs are higher 
per acre on the more poorly-watered farms (19 per cent higher), 
which is not expected. Per acre expenditures on plant protec- 
tion chemicals are roughly ■ comparable across the water 
availability groups, though the mix of weedicides and insecti- 
cides is quite different, probably reflecting different 
incidences of leafhopper infestation at the head and tail during I 
the season in question. More analysis can and should be done 
with the data gathered, such as constructing average and 
marginal returns to different factors of production. 

V. CONCLUDING OBSERVATIONS 

It must come as no surprise to anyone that there are substantial 
differences in water delivery and water availability between the 
head and the tail of the Left Bank system in Gal Oya, Sri Lanka. 
Moreover, the disadvantages which tail-enders have consequently 
in terms of lower yields and incomes are also not unexpected. 

On the basis of three years of field studies by ARTI and Cornell, : 
however, it is possible to indicate the magnitudes of such 
differentials and to make a nmber of observations qualifying 
the simpler formulations about head-tail inequities. { 

(l) Head- ness and tail-ness are multi- dimensional. There 
can be water deficiencies in head-end areas given 


32 


topography, channel configurations, soil variations, 
social problems, etc. We have documented such shortages 
within the head-end reaches of the Left Bank. Yet there 
is no question that overall the head-end area has great 
advantages over the tail-end area in terms of water 
supply. 

(2) Distance per se is not an adequate dimension to account 
for differences in water availability and production. We 
found some "middle" areas with better water supply and 
yield than most "head" areas, due to a combination of 
hydrogeological, configurational and political reasons. 
Also, our studies showed that the number of bifurcations 
above a given farm was more important in influencing 
water supply than simply the distance in linear terms 
from the water source, 

(3) The inequalities associated with water distribution are 
likely to be multiple and cumulative. In the Left Bank 
area, tail-end households must seek off-farm employment 
to supplement income, and the retiirns to such labor are 
even lower than for own paddy production it appears,. The 
figures in Table 4 suggest that the pattern of production 
in less-watered areas, surprisingly, is more dependent 

on inputs paid for in cash, giving farm operators less 

flexibility than if family labour and other non-cash 

inputs are more important. Further, something not dealt 

with here but well shown by Mick Moore and associates is 

the concentration of public facilities like schooling, 

health care and government offices at the head and their « 

18 

corresponding inadequacy at the tail. So the means 
for redressing locational disadvantages are less 
accessible to tail-enders. 

The systematio analysis 01 productivity and equity differentials 
within irrigation systems is only dust beginning. There are some 
very clear general patterns, but we need to avoid gross generali- 
zations when it comes to taking measures to improve both total 
productivity and total equity in any system^ We will hope to be 
able to contribute more to this field of study from our subse- 
quent work on data from Gal Oya, 
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Footnotes 


1. This characterization is a simplification in that there were 
some Sinhalese living in the interior in purana (traditional) 
villages who remained as private landholders outside the colo- 
nization schemes, and there are also Muslim communities toward 
the tail which though Tamil- speaking have their ovjn cultural 
identity. In gross terms, we are dealing v/ith a large Sinhala 
settler population in the head and middle reaches and a smaller 
Tamil population at the tail. 

2. Production functions with yield regressed on a set of pro- 
duction inputs including water have given r2s ranging up to .90 
and even higher, suggesting that the relationships within the 
data sets are too consistent to have been cooked up by scattered 
investigators having no training in such esoteric estimations. 

3. This yearbook, titled Initial Analysis of P re- Rehab 11 it at ion 
Situation in Left Bank, Gal Oya, 1980, has been published by 
ARTI (1982). 

4. Robert Chambers in an earlier, seminal ARTI publication. Water 
Management in the Dry Zone of Sri Lanka (1975), has argued that 
water rather than land is the principal constraining factor and 
that all calculations and policies should be reoriented accordingly. 
Unfortunately this is easier said than done. 

5. A study of head-end and tail-end colony units in Gal Oya by 
Shyamala Abeyratne has found that the average size of holding per 
household is greater at the tail than at the head. This reflects 
and to some extent compensates for unequal water distribution. 

Given the growing population in the area, there is tremendous 
pressure to subdivide original allotments to accommodate the second 
generation (and now third generation) . In the better-watered head- 
end areas, allotments can be divided and still support more than 
one family at a tolerable level, whereas at the tail, where irri- 
gation water is lacking, holdings are not productive enough to be 
subdivided. Indeed, households are larger at the tail in part 
because land cannot be so readily divided up and also because there 
is need for a larger household labour force to plant quickly at the 
time of the initial rains since agriculture is only rainfed at the 
tail. Because households at the tail are mostly Tamil rather than 
Sinhala, differences in size of households have been attributed 

to ethnic factors, but these material factors are definitely at 
work. See A Study of Second- Gene rat ion Settlers in the Gal Oya 
Project, Sri Lanka, M.S, thesis. Department of Rural Sociology, 
Cornell University, 1982, to be published as monograph by ARTI 
and Cornell RDC. 

6. This was suggested by our Cornell colleague. Professor Randy 
Barker, based on v/ork done previously on water management at the 
International Rice Research Institute in the Philippines. 
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7. The index can be expressed in the following vjby s 

WAI = (a X 1) + (b X 2) + (c X 3) + (d x 4) + (e x 4) y where 

a = number of days of severe shortage within critical growth 

period; • 

b = number of days of moderate shortage within critical period; 

c = number of days of saturation within critical period; 

d = number of days of standing water within critical period; and 
e = number of days of flooding (running water) within critical 
period. 

(d) and (e) were weighted the same since water supplied to the plant 
is essentially the same; differences in aeration cannot be readily 
quantified. 

8. The calculation of the Water Problem Index can be illustrated 
by showing the figures for D- channel areas in units 23 and E, those 
with the lowest and highest l/iTPI, indicating the least and the most 
severe water problems s 

Shortage of Water No Water 


Per cent Responding 

Maha 

YSlI 3. 

Maha 

Yala 

Unit 23 

10% 

37% 

0% 

0% 

unit E 

5 

39 

79 

100 

WPI Weighting Factor 


x2 

x2 

x4 

WPI Calculation 





■ Unit 23 

10 

74 

0 

0 = 84 

Unit E 

5 

78 

158 

400 = 641 


Enumerators' acceptance of multiple responses could blur the extent 
of shortage of water somewhat, since farmers could report both | 

shortage and lack of water for different times of the season. Even i 
so, the index derived seems to reflect degrees of water problems 
within the Left Bank system rather well, since it is supported by 
several years of observation by /-iRTI staff. For elaboration on the 
survey and index, see Wickramasinghe, "Farmers' Perceptions of Water : 
Problems and Their Resulting Behaviour," and Uphoff and Wickrama- 
singhe, "Implications of Farmers' Perception of Water Problem 
Severity for Problems of Water Management s Methodology for a Water 
Problem Index and Lttitudinal Analysis," in 1980 Yearbook cited above; 

9. Since these were depth readings, they cannot be interpreted di- ; 
rectly in volumetric terms. Given the greater difficulty in 
obtaining the latter, it was decided to settle for information on 
flows (on-off, and relative depth from a fixed point in the channel) . 
Efforts are being made currently to convert this into volumetric 
information. Even though the j axis is not standardized, the 
relative increases 8.nd decreases in deliveries, as well as their 
lencth and timing, can be seen from the figures. 

10. Unit 3 was included in the original ARTI analysis as a _ "middle" ; 

for reasons discussed below, its wa.ter situa-tion as much 
better than manv units geographically more toward the heod, and its ■ 
yields are among the highest in the Left Bank, so considering it 
here as "middle" makes little sense. Also, since 10 and 14 are i 


35 


served by distributaries M16 and M18 respectively, it might seem 
that they are locationally rather similar. In fact as seem from 
the Map in Figure 1, and the data in Table 1, they are locationally 
and hydrogeologically cjrite different. 

11. This analysis has been done by Svensen and Wijayaratne in a 
paper, "The Spatial Distribution of Irrigation Water and Yields on 
the Gal Oya Left Bank", to appear in Sri Lanka Journal of Agrarian 
Studies , 1982. 

12. "Managing the Main System j Canal Irrigation' s Blid Spot", 
Economic and Political Weekly , XV: 39, September 1980. 

13. These problems are explored in Murray- Rust, "Hydrological 
Conditions in Gal Oya L.B. Command Area : Preliminaiy Findings and 
Implications", in 1980 Yearbook , op, cit. 

14. An analysis by Murray- Rust, ibid., found that the supply of 
water to field channels appeared to be largely a function of the 
number of channel bifurcations between the field channel and the 
top of the D~ channel system. Simple distance from .the head of the 
D- channel and the number of intermediate farm pipe inlets, while 
having some relationship to the water flow, appeared less signi- 
ficant. 

15. See Uphoff, Wickramasinghe and Wijayaratne, "'Optimum' Parti- 
cipation in Water Management : Issues and Evidence from Sri Lanka," 
paper prepared for publication, 

16. The problem was raised in Chambers' paper cited in footnote 4, 
^vhich suggested that farmers v/ould not want to have a committee 
form a decision-making when there were water problems, but would 
prefer to have a single authoritative decision-maker like the 

vel vidane 

2 4 

17. The function used was Y = a + bx - cx , where Y = preference 
for farmers' council, and x = WPI for that unit. 

18. This issue and this dynamic are gone into in some detail, 
using Gal Oya as well as other Sri Lankan data, by Mick Moore et al 
in a very instructive paper, "Space and the Generation of Socio- 
Economic Inequality on Sri Lanka's Irrigation Schemes", Marqa 
Journal, (forthcoming). 
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DIFFERENTIAL INCOME IMPACT OF PUBLIC CANAL IRRIGATION 

IN MAHARASHTRA* 


B .D . Dhawan 

Institute of Economic Growth 
Delhi 


1. Obj active 

The two^fold objective of this note is (a) to measure the 
magnitude of increase in farm incomes due to public canal 
irrigation and (b) to assess the extent to which these income 
increases bear positive association with farm size. The 
analysis is based on two recent sample surveys of farms 
receiving canal water from two newly- established major irri- 
gation projects in Maharashtra, namely, Girna Project in 

1 

Jalgaon District and Ghod Project in Ahmednagar District. 

The survey data pertains to 1975-76, a normal agricultural 

year in the post-HYV period. The command areas of the two 

projects differ in respect of farm conditions which permits 

2 

a comparative analysis as well. However, our primary 
interest is in the differential income impact of public 
irrigation on marginal, small, large and big farms. 

2. Conceptual and Methodological Issues 

Since the authors of the survey reports have not attempted 

to measure the impact of irrigation on farm incomes, our 

first task is to reanalyse the data to arrive at reliable 

estimates of incremental income due to application of irri- 

3 

gation water to a hectare of crop area. The endeavour here 
is to improve upon the conventional method in v/hich one first 
estimates the average incomes for an unirrigated crop hectare 


* This note is a part of the author's larger study, entitled 
Impact of Irrigation on Farm Economy , which is still in 
progress. 


and an irrigated crop hectare, and then takes the difference 

of the two as a measure of incremental income due to irrigation. 

While we do follow the same underlying approach, we apply the 

with- and-without- irrigation analysis to different crop groups 

distinguished on the basis of crop season. As is shown else- 
4 

where, this modification eliminates the underestimation of in- 
come impact of irrigation inherent in the conventional method. 

The survey reports cover many irrigated and unirrigated crops, 
for each of which three separate figures of income are given, 
namely, (l) farm business income on Cost A basis > (2) family 

labour income on Cost B basis, and (3) net income on Cost C 
basis. These three cost concepts were evolved in the course 
of the Farm Management Studies in India. Since Cost C is the 
most comprehensive in coverage - in the sense that it includes 
imputed costs of all family or farm supplied inputs of agricul- 
ture - income impact based on increase in net income appears 
more suitable for our purpose. However, two limitations need 
to be pointed out. 

First, cost imputations at uniform prices for capital and 
labour inputs for all categories of farmers can distort benefits 
from irrigation. More specifically, one may end up overstating 
marginal and small farmers' benefits by assuming interest rates 
for fixed and working capital to be nearer the institutional 
rates which is truer for large and big farmers having better 
access to institutional funds and whose opportunity cost of 
accumulating own capital is much less than that of small and 
marginal farmers.^ No doubt, the opportunity cost of family 
labour (and to a large extent of bullock labour) may be much 
less for the marginal and small farmers than is reflected by 
tlriG vill0.Q0 liiiririQ iro-tos ^nployod j-n vslijstion of sucli 
labour. But how these tv/o biases counterbalance each other 
is not possible to assess at this suape of our encjuiry. 
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Second, for the purpose of assessing income impact of irrigation 
the imputed rental value of land needs special attention, 
failing which one may substantially underassess the income- 
augmenting impact of irrigation. This imputation is generally 
done by assuming a fraction of the gross crop output to be due 
to land owned by the fanners® - in earlier FMS reports the 
fraction is taken equal to long-term interest rate which is 
applied to the value of land. Since value of gross output as 
well value of land rises substantially due to irrigation, the 
imputed rental value of land in the case of irrigated crops is 
much higher than that of unirrigated crops. Therefore, rise 
in rental value of land has nothing to do with land per se 
i.e. the natural fertility of soil remains unchanged after 
introduction of irrigation. The case for adducing higher rental 
value to an irrigated crop hectare arises in two situations s 
(i) when natural fertility of irrigated areas is known to be 
superior to that of unirrigated areas in a sample, and (ii) 
when crop duration of irrigated crops is longer than that of 
unirrigated crops. 

To the extent that the latter situation is encountered in the 
two sample reports, we may raise the imputed value of land 
factor in the case of irrigated hectare of crop area in our 
sample data. In particular one has to take rental value of 
irrigated crop of banana / ads al i sugarcane at twice that of an 
average unirrigated crop because in growing under irrigation, 
these 18 month crops a farmer foregoes two unirrigated crops 
over a two-year period. But no adjustment could be made on 
account of possible natural superiority of irrigated over 
unirrigated areas in the two samples. Therefore, our analysis 
employs both the net income on Cost C basis and the adjusted 
income for true rental value of land in respect of irrigated 


crops . 
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EMPIRICAL RESULTS 
3. Incremental Income Impact 

The incremental income impact of canal water application to 
a hectare of crop area turns out to be of the order of Rs..2200 
in Girna command area and Rs.l400 in Ghod command area during 
1975-76. These estimates are net of irrigation expenditure 
by the sample of 400 canal beneficiaries contacted by R.G, 

Patil, et al / in each of the two command areas. On the other 
hand/ when Cost C concept is used without making adjustment 
in the reported rental value of land/ the incremental impact 
of irrigation diminishes to about Rs.l550 per irrigated ha. 
in Girna and about Rs.lOOO in Ghod. 

The estimates of incremental income impact would rise to the 
extent one were to count as income the increase in imputed 
cost of family labour due to irrigation. As a result of 
irrigation/ the sample famers have been able to increase the 
use of family labour by about 29 labour days in Girna area and 21 
labour days in Ghod area. The imputed cost of this additional 
employment of family labour is about Rs.103 in Girna and about 
Rs.72 in Ghod area. But these values are not so substantial as 
to make much difference to the earlier estimates. 

Of course/ the marginal and small farmers in the two samples 
may have augmented their income from agriculture to the extent 
that they offer surplus family labour to other farmers whose 
demand for hired labour rises in the wake of irrigated farming. 
Additional payment to hired labour amounts to Rs.l43 in the Girna 
sample and Rs.llO in the Ghod sample as a result of application 
of irrigation to one crop hectare of area. However/ we do not 
know how this amount is split between landless labourers and 
marginal/smiall farmers to determine the additional incomes of 
the latter. In the samples under study/ marginal and small 
farmers reported substantial dependence on income from hiring 
their labour services to other farmers. Among the sample marginal 
f armers / only 14 per cent in Girna command and IS per cent in Ghoo 
command report complete dependence on their own farms. 
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4. Canal versus Wells 

One may ask j how do the income benefits from canal irrigation 

compare with those from other sources of irrigation, especially 

well irrigation? in general terms, the benefits from canal 

irrigation are less than those from well irrigation. The extent 

of this differential cannot be ascertained in the present case 

as we do not have comparable estimates for well irrigation 

for the year 1975-76. However, an indirect comparison is 

possible by adopting the following approach, whereby benefits 

are computed in terms of grain equivalents, and not in value 

terms. That is, by dividing the value of benefits by the price 

of a certain grain, say jowar, one converts these benefits into 

physical units which permit comparison of benefits over time 

during which prices may have risen, in terms of local jowar 

equivalents, the incremental income impact in Ghod turns out 

to be about 7.66 quintals (on Cost c basis) for every hectare 

of irrigated area. The corresponding figure for well irrigation 

based on FMS data for Ahmednagar district for the period 1969-70 
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to 1971-72, is about 9.12 quintals. Thus, on cost C basis an 
irrigated hectare under well irrigation in Ahmednagar district 
generates about 20 per cent more income than the one by canal 
irrigation. 

For Jalgaon district, Renu Bala has assessed that application 
of well water to a hectare of crop area in Upper Tapi (Hatnur) 
Irrigation Project yielded an income increase of the order of 
RS.4400 during 1977-78.^ This is almost twice the level of our 
own estimate for Girna canal area. Hov/ever, this income diffe- 
rential between v/ell and canal irrigation is overstated for 
two reasons. First, the concept of income used in Upper Tapi 
Irrigation Project report prepared by the Administrative Staff 
College of India, Hyderabad, is one based on paid out costs only. 
Secondly, the price level during 1977-78 was somewhat above that 
of 1975-76, the year to which Girna sample relates. For example 
the price of jov/ar is mentioned to be in the range of Rs. 125- 175 
per quintal in Upper Tapi sample as against Rs.130 in the Girna 
sample. 
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5. Between Two commands 

Since rainfall conditions in Girna command area far more 
favourable for dry farming than in Ghod command, one would 
expect that, other things being equal, irrigation benefits 
in the former area should be less than those in the latter 
area. However, the results are contrary to this expectation, 
indicating thereby that 'other things' must be far from being 
alike in the two samples. More specially, the 'other things' 
appear to be tilted in favour of Girna farmers. It is not the 
intention here to enumerate these innumerable factors which 
impinge on farm productivity, nor to size them up in terms of 
their differential impact on the two samples of farmers. 

Instead, we may consider these factors with a view to identi- 
fying only those that enhance the impact of irrigation on 
farmers' income. 

Numerous studies on irrigation have underscored the importance 
of crop pattern changes in enhancing the impact of irrigation 
on farm income in particular and rural farm economy in general. 
From this perspective, the irrigated crop pattern in Girna command 
sample turns out to be indeed more remunerative than that observed 
in Ghod sample. Thus, sugarcane and banana, the two most remu- 
nerative crops of irrigated farming in Maharashtra, are propor- 
tionately greater in Girna irrigated farming than in Ghod area. 

As against 10 per cent of gross irrigated area being under 
sugarcane in Ghod sample, the combined share of sugarcane and 
banana crops is over 15 per cent in Girna sample. Additionally, 
chillies, another remunerative crop next to sugarcane and banana, 
constitutes 4.5 per cent of irrigated crop pattern in Girna 
compared to 0.2 per cent in Ghod sample. 

Why have sample farmers in Ghod area not been able to adopt 
as remunerative a crop pattern as in the Girna area? It may 
partly be due to the fact that irrigation availability to them 
is not so good as in the other command area. It may also be 
due to other factors, such as poorer access to metropolitan 
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market of Bombay where perishables like bananas and vegetables 
are much in demand. On the whole, only one-eighth of the Girna 
farmers complained of various difficulties regarding irrigation, 
while as many as two- thirds of the farmers did so in Ghod. 

Since crops requiring heavy irrigation throughout the year 
cannot be grown without perennial supplies of water, from the 
viewpoint of perenniality of irrigation, Girna sample farmers 
are better placed, with 30 per cent of their irrigation being 
of perennial nature as against 16 per cent of the available 
irrigation being perennial in Ghod command sample. Further, 
from the viewpoint of control over the sources of irrigation, 
the Girna farmers are more advantageously placed. Their 
dependence on public canals is of the order of two-thirds as 
against three- fourths in Ghod sample. Possessing one's own 
means of irrigation, in addition to canal irrigation, improves 
one' s capacity to do timely irrigation, which is so necessary 
for HYV farming. The considerable difference in the share of 
wheat, hybrid jowar and hybrid bajra in the two samples may 
partly be due to the difference in the control over sources 
of irrigation. 

Among other factors, better access to metropolitan markets in 
the case of Jalgaon sample may explain why their income benefits 
are higher. For example, in the case of wheat crop, the Girna 
farmers report a price realisation of Rs.150 per quintal of 
wheat as against Rs.l34 per quintal in the case of Ghod farmers. 
Other differences among the two samples are of marginal signi- 
ficance in explaining the difference in the impact of irrigation 
on farm income. In matters of literacy, credit and its sources, 
incidence of sickness, and social and economic difficulties, 
the two samples of canal users are fairly similar. 
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Ghod sample Glrna sample 


1. Literacy (above 5th standard) 


Male 

27% 

28% 

Female 

8% 

12% 

2. Credit per ha. 

Rs.1961 

RS.1790 

3. Share of institutional credit 

4. Family members affected by sickness 

82% 

76% 

during 1975-76 

13% 

9% 

5. Social and economic difficulties 

6. On-Farm Benefits and Farm Size 

49% 

4 2% 


Notwithstanding the larger income impact of irrigation in Girna 
than in Ghod command, the income benefits from a crop hectare 
of irrigated area are found to be positively associated with 
fam size. This size-wise differential impact of irrigation 
on farmers is best expressed in terms of an index of relative 
benefits where the income benefits of big farmers (about 8 
hectares) are assumed to be equal to 100. The index numbers 
of these relative benefits in Ghod and Girna commands are 
listed in Table 1. In Ghod sample, the marginal farmers with 
average farm holding of 1.25 ha., realise half as much benefits 
as do the big farmers with average farm holding of over 11.50 ha. 
The small famers fare better than the marginal farmers, but 
with their benefit level being about three- fourths of the big 
farmers' level. Medium or middle farmers with farm holdings 
of about 5 hectares perform still better than small farmers, 
their benefits being only one-sixth less than that of big far- 
mers, But it is the large farmers operating about 7 hectare 
farms that turn out to be the highest gainers, with benefits 
slightly above the level of the big farmers (vide Table 1) . 
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Table 1 : Index Numbers of Income Benefits due to a 
Crop Hectare of Irrigated Area in Girna & 
Ghod Commands, 1975-76 (Big Farmers' Bene- 
fits = 100) 


Girna Command Area Ghod Command Area 
SI. Farmer Category ^ — — — — 


No. According to Size 
of holding 

This Auth- 
or' s basis 
of costing 

On Cost 

C basis 

This Auth- 
or' s basis 
of costing 

On Cost 

C basis 

1. Marginal farmers 
(less than 2 ha.) 

60 

57 

53 

(54) 

50 

(50) 

2. Small farmers 
(2 - 4 ha.) 

87 

85 

76 

(76) 

75 

(74) 

3. Medium faimers 
(4 - 6 ha.) 

83 

82 

86 

(85) 

84 

(83) 

4. Large faimers 
(6 - 8 ha.) 

87 

85 

104 

(106) 

101 

(103) 

5. Big farmers (above 
8 ha. ) 

100 

100 

100 

(100) 

100 

(100) 


Note : Index numbers within brackets are based on the assumption 
“ that kharif unirrigated farming is not feasible. 


The marginal and the small farmers in the Girna sample, though 
realising considerably much less benefits than those accruing 
to big farmers, are not as worse off as in the Ghod sample. 
Moreover, between farm sizes of 2 and 8 hectares, the benefits 
are not related with farm size. The source of the relationship 
between farm size and farm incomes under conditions of irri- 
gation becomes clearer from looking at the quality of irrigation 
available to each category of farmers. 

Marginal and small farmers in both the samples, as compared to 
the large and big farmers, realise smaller net output from their 
irrigated farming, indicating lesser use of productive inputs 
like chemical fertilizers, hybrid seeds, pesticides, etc. In 
■Girna sample, their incremental set-up in the cost of chemical 
fertilizers due to irrigation is about seven-tenths of that 
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achieved by the big fanners. In physical terms/ i.e./ sum 
total of nutrients (N, P and K ) , the incremental step-up of 
small farmers is hardly four- fifths of that of the big farmers. 
The increasing use of chemical fertilizers in Girna sample is 
strongly associated with fann size. A similar association 
exists in the Ghod sample, with the notable exception that 
large farmers with 6-8 ha. holdings report the maximal step-up 
in fertilizer application. This group of famers, as already 
noted, also realises the maximum benefits in the shape of 
incremental income. 

The increasing use of chemical fertilizers with farm size can 
be esqjlained by a variety of factors : remunerativeness of 
irrigated crop pattern, quality of irrigation, credit availabi- 
lity, etc. These are observed to be positively related with 
farm size (vide Tables 2 and 3) . Of these, quality of irriga- 
tion is the most dominant determinant because use of chemical . 
fertilizers in low rainfall areas-, like that of Ghod or Girna 
command, is complementary with irrigation whose quality has a 
strong bearing on the choice of crop to be grown. 

There are of course many more factors positively associated 
with farm size, thereby increasing the income impact of irri- 
gation with the increase in farm size - for example, literacy, 
health and access to agricultural information. Likewise, many 
constraining factors diminish in intensity with increase in 
farm, size - e.g. availability of drinking water, caste disabi- 
lities, problems with gram panchayat, etc. Quantitative 
information about such variables for different size class of 
farmers provides many clues to the farm size— income benefit 
relationship in the wake of irrigation. 
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Sinc 0 pGir capita incomas of the sample fannens pnioir to the 
advent of canal irrigation in Ghod/Girna. commands are not 
known, a firm analysis of how different size classes of farm 
families have actually benefited from the introduction of canal 
irrigation in the two command areas is not possible. However, 
an indicative analysis of the differential impact has been 
attempted by estimating per capita incomes of sample farmers 
during 1975—76, hypothetically assuming that there was absence 
of canal irrigation. The details of this estimational work are 
spelt out in Appendix to this note. 

As far as income from crop enterprise is concerned, additional 
per capita incom.e due to canal irrigation too is found to rise 
sharply with farm size in both Ghod and Girna command areas 
(vide Table 4 ) . This implies increase in the disparities 
of income and standard of living between marginal and small 
farmers on the one hand and large and big farmers on the other. 

As a matter of fact, the growth of these disparities in the wake 
of canal irrigation is so substantial that it cannot be bridged 
by the fact that marginal and small farmers do augment their 
family income' on a greater scale from non- crop enterprises (e.g. 
earned wages and daiirying and poultry) . If income differences 
following from canal irrigation narrow down at all, it occurs 
in a relative sense, that is, rise in per capita income in 
percentage terms is inversely related to farm size. Thus per- 
centage rise in per capita net income (on Cost C basis) in Gima 
turns out to be 246 per cent in the case of marginal farmers, 216 
per cent for small farmers, 196 per cent for medium farmers, 146 per 
cent for large farmers and 163 per cent for big farmers. However, 
in Ghod there prevails a sort of constancy of per cent income 
increase over size classes, and this constant relationship turns 
inverse only when sources of income other than crop enterprise, 
such as dairy poultry and labour services, are taken into account. 
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7. Conclusions and Implications 

Introduction of public canal irrigation has widened the absolute 
income differential in the farm sector in Girna and Ghod commands. 
It has narrowed down between small and big farmers only in a 
relative sense/ that is, in terms of per cent increase in per 
capita incomes. Thus while the rich has become richer and poor 
less poor, still their material standards of living, wealth, etc. 
have become more disparate than before. 

Can the widening of absolute income differential be prevented 
by adopting simply a policy of allocating proportionately more 
public irrigation resource to small farmers than their share is 
in land ownership? Such a differential policy in favour of 
small farmers may narrow only the relative income differentials 
in the farm sector. Even this may not happen if large farmers 
manage to realise much greater income benefits from each unit 
of irrigation water than small farmers. To some extent, the 
advantage of the farmer stems from scale economies of marketing 
farm produce and purchasing farm inputs, from indivisibilities 
of fixed investments, and from risk-bearing capacity, etc. Of 
course, the large farms may encounter disadvantage in the problem 
of management, but it is not so serious a matter in the Indian 
conditions where large holdings are not in fact very large, let 
alone gigantic. 

What really tilts the balance in the matter of income benefits 
per unit of irrigation water in favour of large farmers is their 
superior access to all inputs s irrigation, credit, agricultural 
extension services, bureaucracy, education, communication, medical 
centres, cooperatives, etc. Some advantage of access to product 
market may also exist, e.g., large farmers may realise better farm 
product prices by selling their produce to seed agencies of the 
state. Small farmers must be enabled to surmount many of these 
disadvantages. A differential irrigation policy in their favour 
V70uld serve some purpose of reducing relative income differential 
in the farm sector, provided the policy is effectively enforced. 
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APPENDIX 

Hypothetical Incomes of Sample Farmers of Ghod and 
Girna Commands in the Absence of Canal Irrigation 


To begin with/ hypothetical incomes from crop enterprise alone 
is estimated/ ignoring that from dairy farming/ from hiring out 
family labour to other , farmers/ from hiring out surplus bullock 
labour etc. Income from crop production is undoubtedly a major 1 

source of income - about three- fourths of the family income of 
the sample farmers in each command daring the reference year 
1975-76. Exactly the same proportion is found for Girna command 
during 1960-61 when Girna project was not in operation. Besides/ 
this proportion rises with farm size (vide Appendix Table l) . 

Thus wage income of the marginal farmers is an important source of 
family income/ and its exclusion from our hypothetical income 
estimate may understate the income impact of irrigation on such 
farmers. 

The hypothetical state envisaged is the absence of canal irri- 
gation and prevalence of dry farming. However/ some irrigation 
from other sources did exist prior to the introduction of canal 
irrigation in these areas. In the case of Girna command the MBES 
(Maharashtra Bureau of Economics and Statistics) survey of 1960-61 
reveals that about 5 per cent of' the cropped area benefited from 
non-canal irrigation/ mostly well irrigation. In the absence of 
canal water/ the sample farmers might have made more investments ^ 
in their own sources of irrigation because of tremendous expansion 
in long-term credit facilities for minor irrigation between 1960 
and 1975. But v/ell irrigation in Maharashtra, according to its 
Agricultural Census of 1970—71/ had not developed on large holdings 
as much as on small holdings. Thus, well irrigated area as a per 
cent of net sown area was 16 per cent on marginal holdings j.n 
Ahmednagar district, 12 per cent on small holdings (2 - 5 ha.), 

10 per cent on 5 - 10 ha. holdings and 9 per cent on 10-20 ha. 
holdings. Such a differential is not noted for Jalgaon district 
(see Appendix Table 2). 
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This may introduce an element of overestimation in assessing 
hypothetical income benefits from canal irrigation to marginal 
and small farmers because we ignore their relatively better 
position in respect of well irrigation had there been no canal 
irrigation. How far this overestimation is off-set by under- 
estimation due to leaving out incomes from sources other than 
crop enterprise is not possible to determine. 

Income per unirrigated crop hectare during 1975-76, when multi- 
plied by net cropped area of a farmer during 1975-76, yields a 
proximate hypothetical estimate of income without irrigation. 

In other words, it is envisaged that (l) in the absence of irri- 
gation, whatever be its source, the intensity of cropping would 
be 100 per cent and (2) the net cropped area does not rise as a 
result of irrigation. Both these assumptions tend to overstate 
the hypothetical income without irrigation, the overstatement 
increasing with farm size. Family income with irrigation during 
1975-76 is taken to be the same as reported in the two survey 
reports. Since family size too varies positively with farm size 
in our samples, inter- class comparison of income gains due to 
canal irrigation needs to be undertaken in per capita terms. In 
doing so, family size, expressed in terms of equivalent consumer 
units in the two reports, is used in our analysis. 

Carrying out analysis in terms of net income on Cost C basis, 
the estimates are shown in Appendix Table 3. If we add to net 
income the rental value of land, an imputed cost of cultivation, 
we obtain a more realistic analysis of income impact of irrigation 
as shown in Appendix Table 4. 
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APPENDIX TABLE 1 


Percentage Shares of a Different Sources of Family 
Income in Girna and Ghod Samples During 1975-76 


Si. Source of In- 
No . come 


Farmer Category in 
Girna, Command 


Farmer Category in 
Ghod command 


poultry 
3. Wages 


II 

III 

IV 

V 

Whole 

sam- 

ple 

I 

II 

III 

IV 

V 

Whole 

sam- 

ple 

72 

78 

76 

84 

74 

(73) 

51 

68 

76 

80' 

82 

73 

16 

13 

15 

10 

12 

(8) 

16 

13 

13 

12 

12 

13 

5 

2 

neg. 

neg 

. 5 

(8) 

19 

10 

5 

1 

1 

6 


4. Business and 
services 

5. Hiring of imple- 
ments, animals, 
sale of trees 
sale of land, 
etc. 


10 4 2 4 3 


9 6 5 5 3 5 


8 3 5 5 3 


5 3 1 2 2 3 

100 100 100 100 100 100 


All sources 100 100 100 100 100 100 100 100 100 100 1C 

Notes s 1. Neg. stands for negligible (less than half a per cent) 

2. Figures in brackets are based on pre- canal bench-mark 
survey of Girna command conducted by the Maharashtra 
Bureau of Economics and Statistics (MBES) , 1960-61. 
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APPENDIX TABLE 2 

Area Irrigated by Wells as a Percentage of Net Sown Area, 
Maharashtra State, 1970 


District 


Size Class of Holding 


0-2 2-5 5-10 10-20 20-50 50- Average 


Ratnagiri 

Nasik 

Dhule 

Jalgaon 

Bombay Division 

Ahmednagar 

Pune 

Satara 

Sangli 

Sholapur 

Kolhapur 

Pune Division 

Aurangabad 

Parbhani 

Bhir 

Nanded 

Osmanabad 

Aurangabad Division 

Buldhana 

Akola 

Amravati 

Yeotmal 

Wardha 

Nagpur 

Bhandara 

Chandrapur 

Nagpur Division 

STATE 


1.5 

0.3 

0.3 

12.0 

9.7 

8.2 

8.3 

7,5 

7.9 

6.9 

7.5 

8.6 

5.4 

6.4 

6.9 

15.8 

12.1 

10.4 

10.6 

8.9 

7.6 

6.5 

7.0 

7.5 

7.7 

7.9 

7.6 

15.0 

9.2 

7.6 

2.8 

3.0 

2.7 

8.8 

8.5 

8.0 

7.3 

4.3 

3.7 

1.5 

0.9 

0.8 

5.2 

3.5 

3.2 

1.0 

0.8 

0.8 

2.8 

2.1 

2,2 

3.8 

2.4 

2.2 

0.8 

0.9 

1.3 

0.5 

0.4 

0.4 

1.7 

1.6 

1.7 

0.4 

0.2 

0.3 

1.6 

1.4 

1.8 

3.6 

2.7 

3.1 

0.5 

0.6 

0.8 

0.3 

0.1 

0.2 

1.0 

0.9 

1.1 

5.1 

4.5 

4.2 


0.2 

0.4 

0.2 

0.6 

7.4 

5.6 

3.9 

8.4 

9.2 

7.9 

3.9 

8.1 

8.9 

8.9 

4.9 

8.1 

7.2 

5.5 

2.2 

6.5 

9.0 

8.2 

6.6 

10.4 

6.7 

4.7 

2.3 

7.7 

8,0 

7.7 

3.9 

7.2 

6,9 

5.9 

3.4 

7.4 

7.0 

6.6 

12.1 

8.0 

2.1 

1.5 

0.9 

2.7 

7.4 

6.6 

6.3 

7.9 

3.4 

3.1 

4.4 

3.8 

0.8 

0.8 

0.5 

0.8 

3.3 

3.4 

2.8 

3.4 

0.7 

0.6 

0.7 

0.7 

2,4 

2.7 

3.3 

2.4 

2.3 

2.4 

2.8 

2.4 

1.6 

1.8 

1.8 

1.3 

0.5 

0.5 

0.4 

0.4 

2.0 

1.9 

1.8 

1.8 

0-6 

0.8 

0.7 

0.5 

2.2 

2.8 

3.1 

2.0 

3.7 

4.9 

5.3 

3.5 

1.0 

1.5 

3.0 

0.7 

0.3 

0.4 

1.3 

0.2 

1,4 

1.7 

1.7 

1.2 

4.0 

3.5 

3.3 

4.2 


APPENDIX TABLE 3 


Estimated Net Income (on Cost C Basis) in the Absence of 
Canal Irrigation and Actual Income With Canal Irrigation 
During 1975-76 in Girna and Ghod Command 


Girna Command Sample Ghod Command Sample 


Farmer 

Category 

Unirrigat- 
ed crop 
area per 
farmer (ha) 

Net income 
per unirri- 
gated (ha) (ks 1 

Estimated 
per capita 
income un- 
der unirri- 
gated far- 
ming* (Rs.) 
Reported 
per capita 

income* (Rs) 

, 

Unirrigat- 
ed crop 
area per 
farmer (ha) 

Net income 
per unirri- 
gated ha* 
(Rs.) 

Estimated 
per capita 
income frot 
unirrigatec 
farming* (Rs) 

Reported 
per capita 
income* (Rs) 

I 

1.19 

357 

73 

253 


1.11 

390 


81 


2 24 

II 

2.91 

396 

175 

552 


2.69 

363 


154 


475 

III 

4,55 

470 

274 

810 


4.30 

423 


24 2 


710 

IV 

5.48 

576 

378 

931 


6.21 

495 


418 


1149 

V 

9.72 

532 

566 

1485 


9.05 

404 


510 


1530 

Sample 

3.42 

467 

232 

668 


3.59 

419 


240 


695 


* Income from crop production alone is considered. 
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APPENDIX T/iBLE 4 

Estimated Net Income (Including Rental Value of Land) With- 
out Canal Irrigation and Observed Income with Canal Irriga- 
tion During 1975-76 


Girna Command Area 


Ghod Command Area 


Farmer 

Category 


-POO) 
fO QJ S 
O' S-t M 
■H rt! O 
M ip 
L h ^ 


I 1 

O -H g ^ 


- , OJ t I g 

E b p'-"g-P c-HM 

obro o-HgPra 

O -H M-l . 4J d p M-U 

C C ft) fd (0 CD -H 

-HprSh gugc'C 

CD -H O P CD 


(D U 
■P ,52 P (0 CD 

ri -H ^ (d CD E 

-CD O) cn M M 

! > (d (D -H tC (0 
'P O E M P. 


6 H * 

O p (0 
O P p 

t c 
•H g t 
CD. 


CO t I E 

r! P c -H G 
CD -H ;3 S-l fO ■ 
p ft P P 
(0 CO CD -H 
E O S G t- 
, -H O (D 


OGfOPbPCnpGU PCnoiMO-HOMcOPMP •PPCD 


iS > CO CD 
-'Gog 
CD O 
CO m M u 


GS-iCDPCDCDraC mCDCGcOGPCDC CMCDpCDCDfOSroCDCbnJGbCDC 
f O ft'-' S ft COP H ftp (U COHO ftp t> U ft'- s ft C0-— M ftp (D COP d ftp 


1.02 


0.38 


2.18 


0.92 


3.14 


1284 


1.43 


1013 


4.19 


1523 


3.04 


1606 


8.49 


2459 


4.35 


2151 


Sample 


2,72 


1077 


1.52 
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Footnotes 


1. R.G. Patil, S.D. Suryawanshi and P.M. Kapase, The Socio- 
Economic Survey of Gima Irrigation Project Area in Jalqaon 
District (Maharashtra) and An Investigation into Socio- 
Economic conditions in Ghod command />rea ^Maharashtraf T 
Department of Agricultural Economics, Mahatma Phule Krishi 
Vidyapeeth, Rahuri, The Girna Report was published in 1978 
and the Ghod Report in 1980. 

2. The survey design of the two studies is the same, as are 
the concepts and the presentation of survey results . 

3. A hectare of crop area is not to be confused for a hectare 
of land area. 

4. B.D. Dhawan, "Assessing Impact of Irrigation", Institute of 
Economic Growth, Delhi, September 1981 (mimeo) . 

5. While interest on working capital is imputed at the rate of 

13 per cent for all sample farmers in the two survey reports, 
interest of fixed capital is reckoned at 9 per cent. 

6. Rental value of owned land is taken equal to one-sixth the 
gross produce of a crop in the two studies. 

7. The apparent expenditure on irrigation, as reported in the 
two studies, averages Rs.230 per hectare in Girna ^ and Rs.175 
in Ghod. Since these expenditures are not inclusive of 
irrigation costs in the shape of (1) use of human and bullock 
labour in irrigation activity and (2) interest and depreciation 
on fixed assets used for irrigation pu:^ose, these ^ are not to 
be contrasted with income benefits of irrigation with a view 

to ascertaining farmers' private benefit-cost ratio for 
irrigation. 

8. This estimate is worked out by the author. The corresponding 
estimate, based on cost A basis, is presented in another ^ 
study by the author, namely, Duqwell s in Maharashtra 7vgr lec- 
ture, institute of Economic Growth, .Delhi, September 1981 

9. Renu Bala, "Measurement of income Benefits 

gation in Jalgaon District of Maharashtra , Institute of 
Economic Growth, Delhi, October 1981 (typescrip ). 
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10 , 


11 , 


The comparative rainfall in the two command areas during 
1975 was as follows : 


G i rna Command 


Ghod command 


Amalner 

1276 ram 

1. Karjat 

6 24 mm 

Bhadgaon 

1143 mm 

2 . Shrigonda 

552 mm 

Chalisgaon 

747 ram 

3. Shirur 

66 2 mm 

Brando 1 

748 mm 



Parola 

807 mm 




2. 

3, 

4, 

5 

This has happened despite an inverse relationship between 
irrigation and farm size. Gross irrigated area_as a per- 
centage of farm size of holding varies across sxze class 

as follows i 

Ghod Command 


Girna command 


i. Marginal farmers 
ii. Small farmers 
iii. Medium farmers 
iv. Large farmers 
V. Big farmers 


81 

56 

61 

53 

45 


92 

77 

71 

60 

53 


All farmers 


56 


66 


A Study on Equity and Productivity in Poriyar-Vaigai 
Irrigation System-Madurai , Tamil Nadu 

V.Rajagopalan, R.K.Sivanappan* 

Introduction 

Basic to all discussions on welfare implications of irrigation 
projects are issues of equity and productivity as means to 
achieve ends of maximum social benefits or welfare, ultimately. 
While debates on operationalization of concepts of equity and 
maximum social welfare are still unresolved, certain broad 
consenses seem to be available. More explicitly, we may define 
equity in the context of many reference issues, relate it to 
productivity and then on to distributional implications on 
efficiency and welfare. This will be our approach in this paper. 

Conceptual Issues 

Consider, first, concept of equity. It has two dimensions. 

First, it defines how irrigation water in the system is distri- 
buted and on what criteria it is based. Second, how differen- 
tials in productivity are narrowed down without reducing its 
upper bound. It implies realization of system efficiency at a 
higher levels. Considering these two, the former may be termed 
as access equity while the latter can be productivity equity. 


Respectively, Director, Centre for Agricultural and Rural 
Development Studies, (CARDS) and Dean, College of Agricultural 
Engineering, Tamil Nadu Agricultural University, Coirabat ore- 
641 003, The authors wish to thank Dr. A. Kandaswamy and 
Mr.M. Sivanantham, Department of Agricultural Economics, 
Agricultural College and Research Institute j Madurai - 625 104 
for information and assistance in the preparation of the paper. 
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These are stylized factors of irrigation distribution and 
development and under ideal conditions they complement each 
other. Given this broad classification we may examine each one 
of them in turn regarding its relation or linkage with policy 
issues. 

Access equity implies that water users of an irrigation system 
have equal, unconstrained opportunities to utilize water, 
available through distribution. The question really is, what do 
we mean by equity and access equity in particular? Does it 
mean equal sharing of available water on prorata basis in 
proportion to - acreage or size of farms?, location and reach of 
water without conveyance losses? What are norms one would like 
to have for maximum access equity? There can be many more 
inconvenient questions social scientists may raise to the 
chagrin of system engineers and designers. While there can be 
some semblance of consensus atleast among social scientists, 
perspectives differ widely and quite significantly between 
social scientists and engineers. 

Considerations of system efficiency for maximum output may be 
technical and operable which may run in conflict with considera- 
tions of distributional implications. Much of the controversies 
can be cleared if one could be careful to define equity not 
merely in terms of distribution of water resources but also for 
realizing maximum benefits and higher productivity of water. 

This becomes then a technical problem and distribution of water 
is system determined. Accordingly, there are tailenders and 
upenders with expectations to receive certain quantity of water 
from the system. Note that this does not imply equal distribu- 
tions but a pattern decided by technical considerations such as 
lay of fields and channels and extent of conveyance losses. 
Management problems are different and arise only when these 
norms of equity are violated. When water users, whether at 
tail-end or upper end, do not receive what they are entitled . 
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Now it is easy to define access equity in terms of entitlement 
and it may be seen that access equity has technical basis.^ It 
is not what and how water users should have access to equal 
share but access to their entitlement determined technically by 
the system. Perhaps one may think of alternative systems for 
different degrees of access equity and decide politically what 
system should go in. This involves efficiency consideration 
which will discuss shortly but the fact remains that once 
choice of a system is made, entitlement or access equity for 
the system gets determined and what remain then are managem-ent 
problems. 

Efficiency is realisable through sound management of system 
(O&M) and optimum utilization of water and its cooperant factors 
at farm level. ¥e will confine our discussions to the first 
factor. Before that a digression on choice of a system. There 
are political compulsions to go in for a particular system 
design which by comparison may not be the most efficient 
technically. There can also be economic justification for this 
choice on the basis of wider incidence of prosperity, less 
variability and more opportunities for the havenots. Some 
considerations of trade off between efficiency and welfare are 
involved and decisions on a system depends upon economic and 
political considerations. Givaithis, productivity and 
efficiency are management issues requiring appropriate opera- 
tions and management planning and strategies.. 

For achieving an efficient management system for distribution 
of water and maintenance of distribution structures, involvement 
of department of irrigation and local institutions in distri- 
bution and use of water would be necessary. There are methods 
and procedures of distribution of water evolved historically 
over years and this go under the riparian rights of the farmers 
involved. There are also formal and informal irrigation 
societies which are directly managing irrigation at the level 
down below main canal . Their institutions are also evolved 
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over years and their modus operandi are based on social 
considerations in the past. Recently, there are evidences to 
show that the so called agreed methods are questioned by 
farmers who have acquired political strength. This has 
created problems in management of irrigation system at the 
field level. However, there are non-formal institutions 
which are dynamic in the sense that social changes are being 
brought into management methods and procedures, where the 
friction seems to be very much less. The potential of these 
institutions is great in this difficult area and one should 
try to exploit this by restructuring the existing institutions 
to extent possible, keeping always in mind that there is some 
trade off between efficiency and equity. In sum we may state 
that equity in water distribution involves rights of entitle- 
ment for water and so long this ri,ghts are not violated the 
equity or more precisely the excess equity is achieved by the 
system. Secondly the productivity equity which of the results 
of operation and management of the system would also be maximiom 
if institutions, both formal and informal, are involve in 
developing a state of operation and management strategies 
consistent with the over all social welfare goals. In what 
follows a case study on equity and productivity in Periyar and 
Vaigai Irrigation system is presented. 

The Periyar-Vaigai irrigation system, one of the largest 
irrigation systems in Tamil Nadu was conceived in the year 1898 
and a dam of 427 meter long and 48 meter high was constructed 
to arrest the flow of water -viiiich originated from the Western 
slopes of the Western Ghats at an altitude of 1500 meter above 
M.S.L. in Kerala State and the entire water got drained into 
Arabian sea without any use. This is called Periyar lake the 
water from this lake is diverted eastwards through four pen- 
stock pipes into Tamil Nadu State. The water is used to 
generate electricity and then drained into the river Viravanar 
which is a tributary to the Vaigai river system. 


The river in its course normally benefits 1,69,280 acres 
in Madurai and Ramanathapuram districts. It covers 14,600 
acres in Cumbum Valley, 45,000 acres in Periyar Main Canal 
(PMC)-double crop area, 96,534 acres in PMC - single crop area 
and 13,146 acres in Tirumangalam main canal (TMC). 

After, the functioning of Periyar- Vaigai irrigation system 
nearly for six decades, it was observed that the entire water 
was not fully utilized and considerable surplus was still going 
as waste to tie Arabian sea. Consequently, to make use of the 
Periyar water effectively for generation of power and irriga- 
tion, a dam was constructed in 1958 at the confluence of river 
Vaigai called Vaigai dam. The main canals and the branch 
canals'^ in PMC and TMC have been lined to prevent seepage loss 
under Periyar- Vaigai Modernization Scheme with the World Bank 
aid. The Fig. I shows the location of the system. 

The problem of spatial distribution of vj-ater for the dominatin- 
gcrop in Periyar- Vaigai irrigation system' viz. rice has been 
studied and reported in this paper. The study aimed to analyse 
the different practices of water distribution in terms of 
quantity and timing for the entire irrigation system and to 
find out how the quantity affected the productivity. The 
findings relate to the second crop of normal water year 1981-82. 

Methodology; 

The Periyar- Vaigai command area has been delineated into four 
regions based on the homogeneity in cropping pattern and water 
supply as follows ; 

i) Cumbum Valley 

ii) PMC-Double crop area 

iii) PMC-Single crop area 

iv) TMC 

For the selection of fields, a three stage random sampling 
procedure was adopted. Out of four regions three regions _ were 
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selected to represent headj middle and tail-end of the entire 
system. Accordingly Cumbm Valley, PMC - double crop and PMC- 
single crop areas were selected to represent head, middle and 
tail and respectively. A distributory or minor was selected 
in each region. The TMC area was not covered during the year 
under report. The details of the water course selected for 
the study in each region are furnished in Table I, 


In the first stage, the selected distributory or minor was 
divided into three portions representing head, middle and tail 
based on the off-take from the minor or branch canal as the 
case may be. The details are presented in Table II. 

At the second stage, one sluice in each of head, middle and 

tail reaches irrigating approximately 25 acres was 

At the third stage, after identifying the peculiar sluice the 

field channel was divided into two halves as head and tail ^e 

-iria thP total length of the channel and one field in 
considering the total lenguu u 

each half was selected as explained in Table III. 
fields were selected randomly in each region. 

The data were collected on timings of Irrigation, quantity of 
water suppllsd and the dally oultlvation operations ^oh a 

1 vi+incf harvesting, stress days and yield 
data Of sowing, planti^, ® investigators In 

data for all the seleoted fields by 

u • n In selectingthe fields, care was taken to select 

each region. directlv from the field channel 

the fields which were irrigated directly irom 

and not through adjacent fields. 

Results and di ^ ussfo S 

-1+ nf th- study are pi-esentod and discussed below 
rrs::" rsoSuon Of the system of water allocation 
Is presented for understanding the injrerenoe fu y. 

me present riparian law 

command area should have ^ ^ that the old 

the newly developed area. The priori 
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doublG crop aroa should rscsivo irrigation for two crops 
and excess water is then supplied to single crop lands and 
after meeting these major demands, further surplus if any 
will be released for any area of future extension. The 
existing priority in distribution of the water in different 
regions are as follows ' 


S.No. 


1 . Cum bum Valley 

2. PMC-Double crop area 

3. PMC-single crop area 

4. TMC 


Period of water supp! 

Jan 1 to Feb 28 

- do - 

Aug 15 to Feb 15 
Sep 1 to December 31 


In normal periods, water will be released on June 1 for Cumbum 
Valley and PMC - double crop area. If the water is not 
sufficient to meet the demand of Cumbam Valley and PMC double 
crop area, then the data of release of water supply for both 
the regions will be postponed. Suppose, the water supply is 
just sufficient to stabilize the area under Cumbiom Valley and 
not for PMC - double crop area, then the water is supplied 
only to Cumbum Valley. 

However, the period of water supply mentioned above will be 
adhered only for normal years and during the scarcity periods 
water is supplied on different dates based on the priority and 
availability of storage water at the dam. 

Distribution of water among farmers ; ' ■ 

The methods of irrigation differ widely among different regions. 
In Veerapandi channel, there are 25’ sluices irrigating two 
villages. For each village, one. waterman ( Neerani ) has been 
appointed by the villagers to regulate water supply among the 
sluices. The watermen liaise with the lascar of the Public 
Works Department who has official control in regulating water 
supply. By mutual understanding and contact, watermen of 
different villages in a water course share the supply of 
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water proportionately among their villages. The waterman 
in each village observes and regulates the supply of water 
from each sluice based on the need. The water supply for 
each field is again regulated by a water guide ( Neerkatti ) 
appointed by the farmers of each field channel. He is a full 
time worker and his job is to see that all the fields are 
irrigated in time. Especially at the time of scarcity period, 
he judiciously distributes the available water to all fields 
irrespective of their location. This type of management could 
be seen only here and is practised for more than seven 
decades in this village. This arrangement avoids group 
clashes between head enders and tail enders of the canal is 
sharing the water. The farmers in the canal ayacut never 
irrigate their fields or engage separate water guide for their 
fields individually. In other two channels, namely Tamarapa- 
tti and Navanipatti channels there is no such arrangement with 
a common waterman. Table IV details out the number of 
sluices and the distribution of water guides in head, middle 
and tail ends for Veerapandi channel. 

Unlike the Veerapandi village, the distribution of water among 
sluices in Tamarapatti and Navanipatti channels is vested with 
section officer, in the Public Works Department, Government 
of Tamil Nadu. Based on the farmers demand he instructs the 
lascar to supply more or less water for a particular field 
channel. Once water is supplied to the field channel, the 
farmers distribute the same among themselves. 

The sharing of water among the farmers in Tamarapatti and 
Navanipatti channels are different from Veerapandi channel. In 
these two villages each farmer would employ either permanent 
or special or family labourers exclusively for irrigating 
their fields. Some of the medium farmers and the big farmers 
used to employ special labour for irrigation along with their 
permanent labour if they face any difficulty in irrigating 
their farm. For that he is paid Rs. 150/- or 150 kg of paddy 
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grains in Chittampatti village irrigated by Tamarapatti 
channel and Rs.100 or 80 kgs of paddy grains in Mavanipatti 
village.. The pattern of labour employed for irrigation in 
Tamarapatti and Navanipatti channels are presented in Table V. 

Employing a common water guide or waterman for each channel 
as practiced in Veerapandi channel is not prevalent in 
Chittampatti and Navanipatti villages since the village leader- 
ship (Nattanmai) are not functioning properly. Even for 
cleaning or desilting the channel before the receipt of water, 
farmers are not co-operating. Generally, the tail enders used 
•to clean only the field channel and the farmers expect the 
Government to clear the main and other channel. But in 
Veerapandi channel, all the farmers, both head and tail enders, 
join together and clean the main channel and the water guide 
used to maintain his channel neatly. 

Distribution of paddy variety and time of sowing : 

In Veerapandi channel the farmers would decide the variety to 
be cultivated before the commencement of crop season and 
uniformly cultivate this variety in the entire area of the 
channel. The sowing is taken up simultaneously irrespective of 
the location of the fields with a time allowance of three days. 
Hence this helps the waterman and water guide in allocating 
the water uniformly to all farms. 

On the contrary, in Thamarapatti and Navanipatti areas, it was 
noticed that the farmers selected different varieties according 
to their choice. It caused more water loss in the form of 
transmission loss from head to tail reach. Consequently, 
harvesting of the crop also extended nearly 42 days in Navan— 
ipatti and 16 days in Tamarapatti channel areas. The details 
of variety, sowing and harvesting dates for different regions 
are given in Table VI. 

It was observed that in Veerapandi the farmers adopted uniform 
data of sowing though the lands were double crop wet lands. 
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But in Tamarapatty channels there was no consistency in time 
of sowing with reference to location of the fields. The 
sowing of second crop was largely influenced by the probable 
date of harvest of the first crop. In as much aa different 
varieties are grown in first crop season and they come to 
maturity at different periods, date of sowing of nursery for 
the second crop also would fluctuate. It was observed in 
Tamarapatty channel ayacut that the first sowing and last 
sowing of second crop were done on 22-6-1981 and 28-10-1981 
respectively thereby indicating the spread of sowirg operation 
over 67 days. 

In Navanipatti, the lands were single crop wet land and the 
farmers chose their own time for sowing depending on the choice 
of variety and other facilities available. The first and 
last dates of sowing in a particular sluice was observed to be 
28-8-81 and 3-10-81 respectively. The water supply in the 
normal year did not affect the timing of sowing of paddy 
nursery. 

Size of holding ; 

The size of operational holding and the number of fragments in 
farms under question have a definite bearing on the time of 
sowing in a particular channel. 

Since the size of holding in Veerapandi village, was inavaiably 
small as compared to other regions, it is possible to stick on 
uniform time of sowing as well as harvesting. On the contrary 
in the case of Tamarapatti channel area not only the size of 
holding was high, the number of fragments were also more (in 
some cases more than 20 fragments) and this has resulted in 
the variation of time of sowing and harvesting. The details 
are presented in Table VII. However, the results are to be 
continuously considered in view of small size of the sample. 
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Water use s 

The water use in different locations of the irrigation system 
was assessed by measuring the quantity of water used by the 
farmers both at the head and tail ends of the sluices, for 
head, middle and tail portion of the channel. In general, the 
farmers located at the head used more water than the farmers 
located at the tail ends. The level of water use at different 
locations is furnished in Table VIII. From the table it could 
be seen that on an average the farmers had used 297.4 cm and 
295.0 cm in Veerapandi channel at the head and tail of the 
sluices respectively. As regards Navanipatti channel the 
level of the water use is invariably high as against other two 
regions. 

Since Cumbum Valley enjoys the benefits of location at the 
head and end of the irrigation system, the Veerapandi farmers 
use more water than the farmers in Tamarapatti channel. The 
difference in water use between the head and tail ends is only 
marginal because of good distribution and management of the 
concerned waterman and water guide. 

Further, both head and tail enders used more water as compared 
to the level of water used, i.e. 104 cm in the experiments 
conducted for IR 20 variety at Agricultural College and 
Research Institute, Madurai. 

Regarding the water use in Tamarapatti and Navanipatti channel, 
the difference between near and far-off fields within a sluice 
indicated that by and large the fields located in xirst half 
used relatively more water. The yield variability between 
different regions are remarkable. Inavariably, the yield 
realised was higher in 0-mB.dum region as compared to Tamarapatti 
and Navanipatti channels. Further, it could be also seen from 
Table VIII that the difference in yield between the farmers 
at the first half and second half sluice were only marginal. 
Since, Navanipatti is located at the other extreme the regional 


s in yield was maximum in this area as compared to 
Tamarapatti channel. 

The yield variability is not due to water use alone and it is 
contributed by many other factors which are not the purview of 
this paper. However, it may be indicated that the soils in 
Veerapandi ayacut is relatively old and fertile, followed by 
Tamarapatti and Navanipatti in that order. 

Conclusion ; 

From the foregoing discussions it could be inferred that equity 
is ensured in the distribution of water in Veerapandi channel 
where management of distribution has been vested with a common 
agency appointed by the village community. There was signifi- 
cant difference in the productivity of the crop in this region 
as compared to other regions. 

The problem of equity is aggravated in Tamarapatty and Navani- 
patty channels due to several factors like lack of organized 
efforts to share and manage water distribution, lack of coordi- 
nation in choosing the varieties of rice to be grown and 
deciding the time of sowing, and organizational pattern of land 
holdings, viz, too many fragments. 

Differences in productivity within a given region is not 
significant. 

Policy suggestion ; 

i) Irrigation management at distribution points by community 
effort as is done in Veerapandi is commended. 

ii) Choice of variety of crop and time of sowing shall be 
dacided through farmers committees to maintain uniformly in 
distribution and regulating water supply in the ayacut, 

iii) Attempts to consolidate the holding should be made so 
that the fragments could be minimised to facilitate management 
at field level . 
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iv) Regulating the supply at head reach in accordance with 
actual field level requirement would help conserving water at 
the storage points itself. The differences in water use at 
farm level and experimental station need serious consideration. 


Table I 

DISTRIBUTION OF SELECTED WATER COURSES IN THE 
PERIYAR-VAIGAI IRRIGATION SYSTEM 



No. of Area under Total 

villages irrigation length 
bene- (in ac.) of 

fitted channel 

# in km. 


Name of the 
water 
course 


1. Cumbum Valley Veerapandi channel 2 

(Branch channel) 

2. Periyar-Main Tamarapatti channel 1 

canal (PMC) (Minor) 

Double crop 
area 

3. Periyar-Main Navanipatti channel 3 
Canal (PMC)- (Distributory) 

Single crop 

area 



14 


Table II 

DISTRIBUTION OF SLUICES ACCORDING TO DISTANCE 


.No. Name of the 

Distance 

No. of 

Total 

Ayacut 

No . of 

Average 

channel 

from the 

sluices ayacut 

of sel- 

farmers 

size per 


off take 


(acres) 

ected 

under 

farmer 


in km 



sluices 

the 

(acres) 





(ac) 

selected 

sluices 


T“" 2 

3 

4 

5 

6 

i 

— g— — ' 

. Veerapandi channel 







Head sluice 

0.70 

5 

41.98 

22.44 

(53.45) 

26 

0.86 

0.74 

Middle sluice 

1.18 

10 

122.70 

23.54 

(19.19) 

32 


Tail sluice 

1.90 

10 

138.86 

25.79 

(18.57) 

33 

0.78 

Total 

2.80 

25 

303.54 

71.77 

(23.64) 

91 

0.79 

2, Temarapatty channels 






Head sluice 

0.07 

3 

38.50 

10.04 

(26.08) 

7 

1.43 

1.67 

Middle sluice 

0.70 

2 

115.36 

25.08 

(21.74) 

15 

4.52 

Tail sluice 

1.31 

4 

261.73 

63.31 

(24.19) 

14 

36 


Total 

1.82 

9 

415.59 

98.43 

(23.68) 

2.73 


3. Navanipatti channels 






Head sluice 

0.83 

2 

226.58 

19.45 

(8.58) 

17 

1.14 

1.53 

Middle sluice 

1.51 

L 

127.88 

22.96 

(17.95) 

15 

3.53 

2.00 

Tail sluice 

2.47 

4 

193.59 

49.37 

(25.50) 

14 

46 

Total 


10 

548.05 

91.78 

(16.75) 


Note s Figures in parenthesis indicate the percentage to 

total ayacut. 
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Table III 

LOCATION OF FIELDS IN THE SELECTED SLUICE 

. (in metre) 


S.No, Name of the 

channel Haid 

Middle 


Tail 

First 

half 

Second 

half 

First Second First 
half half half 

Second 

half 

1 . Veerapandi 

3.00 

13.50 

2.40 16.20 

3.06 

24.30 ' 

2. Tamarapatti 

16.52 

376.20 

132,24 431.68 

5.00 

570.00 

3. Navanipatti 

290.00 

540.00 

5.00 250.00 

1.50 

310.00 


Table IV 

DISTRIBUTION OF WATER GUIDES AND AVERAGE AREA FOR EACH 
GUIDE IN VEERAPANDI CHANNEL 


S.No, Particulars Head Middle Tail Total 


1. No, of sluices 5 10 10 25 

2, Area under irrigation 41.98 122.70 138.86 303.54 

(in acres) 



Table. V 


PATTERN OF LABOUR EMPLOYED FOR IRRIGATION IN TAMARAPATTY 

AND NAVANIPATTI CHANNELS 


Particulars 

Special Labour 

Permanent Labour 

Family Labour 


First 

half 

Second 

half 

First 

half 

Second 

half 

First 

half 

Second 

half 

Tamar apatti: 







Head 

- 

- 

- 

- 

1 

1 

Middle 

1 

- 


1 

- 

- 

Tail 

1 

1 

- 

- 

- 

- 

Total 

2 

1 

- 

1 

1 

1 

Navanipatti : 







Head 

- 

- 

- 

- 

1 

1 

Middle 

- 

- 

1 

- 

- 

1 

Tail 

- 

- 

- 

- 

1 

1 

Total 

- 

- 

1 

- 

2 

3 




Table VI 




DISTRIBUTION 

OF PADDY 

VARIETY IN THE SELECTED 

FARMERS 



Variatv 

Date of 

sowing 

Date of 

harvest 


First 

half 

Second 

half 

First 

half 

Second 

half 

First 

half 

Second 

half 

I.Veerapandi; 

Head 

Middle 

Tail 

IR.20 

IR.20 

IR.20 

iBt ■ ■ 

IR. 20 

IR. 20 
IR.20 

27.10.71 

28.10.81 

28.10,81 

27.10.81 

28.10.81 
28,10.81 

17.3.82 

20.3.82 

19.3.82 

20.3.82 

21.3.82 

25.3.82 

Head 

Middle 

Tail 

IR.20 

IR.20 

IR.20 

IR.20 

IR.20 

Ponni 

11.10.81 

26.9.81 

29.9.81 

7.10.81 

7.10.81 

4.10.81 

28.2.82 

13.2.82 

19.2.82 

25.2.82 

21.2.82 

12.2.82 

3. Navanipatti 

Head 

Middle 

Tail 

IR.20 

Ponni 

Ponni 

Ponni 

Ponni 

IR,20 

2.9.81 

4.9.81 
30.8.81 

5.9.81 

17.9.81 
3.9.81 

19.1.82 

12.1.82 

3.2.82 

19.1.82 

23.2.82 

25.1.82 


Table VII 


DISTRIBUTION OF SIZE OF 

HOLDING IN 

THE SELECTED FARMERS 
(Area in acre) 


Operational 

size 

Holding No 

.of fragments No. 

of wells 


First 

Half 

Second 

Half 

First 
. Half 

Second 

Half 

First 

Half 

"Second 

Half 

Head 

2.30 

1.60 

1 

1 



Middle 

1.50 

2.70 

1 

2 

- 

- 

Tail 

1*28 

0.70 

1 

1 

- 

- 

Average 

1.68 

1.67 

1 

1.3 

- 

- 

Z.Tamarapatty ; 







Head 

3.00 

5.89 

7 

19 

- 

- 

Middle 

13.00 

11.50 

40 

17 

1 

1 

Tail 

14.75 

15.00 

19 

24 

1 

1 

Average 

10.25 

10.80 

22 

20 

0.67 

0,67 

3.Navanipatti s 







Head 

4.50 

4,50 

11 

15 

- 

- 

Middle 

11.50 

3.20 

45 

7 

1 

1 

Tail 

4.40 

5.62 

10 

16 

1 

1 

Average 

6.80 

4.44 

22 . 

12.70 

0.67 

0.67 
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Table VIII 

C0NSUI4PTI0N OF WATER BET\^SEN HEAD AI1D TAIL ENDERS 



Total water consumption in 
cms .. . 

Stress 

Yield/acre in 

— ^ 

First 

half 

Second 

half 

First 

half 

“‘“’Second 

half 

j^irsT 

half 

oecuxiu 

half 

. Veerapandi 







Head 

271.0 

300.0 

5 

6 

2330.0 

2500.0 

Middle 

316.0 

277.0 

5 

5 

2175.0 

2300.0 

Tail 

297.0 

309*0 

5 

4 

2030.0 

2100.0 

Average 

294.7 

295.3 

5 

5 

2178.7 

2300.9 

. Tamarapatti 






Head 

311.0 

293.0 

11 

12 

1470.0 

2080.0 

Middle 

268.0 

147.0 

12 

9 

2067.0 

2600,0 

Tail 

221.0 

230.0 

10 

8 

1360.0 

1480.0 

Average 

266.7 

223.3 

11 

9.7 

1633.0 

2053.3 

5. Navanipatti 









cr 

7 

1017.0 

1462.0 

Head 

447.0 

243.0 

9 

I 






O 

8 

1698.0 

1573.0 

Middle 

227.0 

341.0 

y 







A 

g 

1394.0 

1342.0 

Tail 

381.0 

313.0 








n 

8 

1369.7 

1459.0 

Average 

368.3 

299.0 

1 
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Notes 


^takes-off from the main canal 
^takes-off from the branch canal 
^takes-off from the distributory 

^Lascar is a basic servant in the P.W.D who is vested with 
the responsibility of opening the sluices, control 

witer aSd take «ter rea^ng at heg sluaoe 

and other sluices under the instruction of the Sectio 
Officer (Engineer) in-charge of the charnel . 



PRODUCTIVITY AND EQUITY IN MINOR. IRRIGATION TANKS 

A. Sundar & P.S. Rao* 


Introduction 

The monsoons in India are confined/ in most parts of the country/ 
to a period of .about four months and the quantity and time of 
occurrence of rainfall seldom match the requirements of crops/ 
especially the .high yielding varieties. Water being a vital 
input for sustenance of crops, recourse, hence, has to be taken 
to supplying water through man-made structures. Thus irrigation 
has developed over centuries in an attempt to overcome the limi- 
tations of inadequacy and untimeliness of rainfall. Minor 
irrigation tanks constitute an important source of irrigation 
in the Southern States of Karnataka, Tamil Nadu and Andhra 
Pradesh. 

Increased agricultural production, equity and maintenance of 
environmental stability are taken as the objectives of irrigation 
development. Agricultural production sustained over a long time 
horizon will cover environmental stability to a large extent. 

Thus sustained agricultural production and equity can be consi- 
dered as the objectives of irrigation development. 

Excluding some groundwater developments, most of the irrigation 
works are in the public sector. The investments are made by the 
government and the concerned goveinment department maintains 
and operates the system upto the outlets. The farmers have the 
responsibility below the outlets. 

The system supplies an input utilised by a large number of indi- 
vidual farmers taking their own decisions on types of crops to 
be grown, cultural practices, and many other crop- related decisions 

* Faculty, Indian institute of Management, Bangalore. 
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influenced by their individual preferences, resource endowments, 
accessibility to information, risk talcing abilities and other 
factors. 

Thus, while discussing irrigation management, it is necessary 
to consider the two viewpoints, that of the government and that 
of the farmer. The government looks at it as a public investment ' 

basically intended to increase agricultural production. The !' 

other viewpoint is that of the farmer to whom water is an input, 
an essential input that will enable the use of other inputs such 
as better seeds, fertilizers and pesticides. 

There is no such entity, however, as a typical farmer. The 
farmers in the command area are many and are differentiated by ' 

the extent of land-holding, characteristics of the soils of their 
holdings, family size, educational attainments, other resource 
endowments, access to knowledge and information, proximity and 
relationship to sources of political power, place in social stru- 
cture and many such factors. Nevertheless, it can be stated that 
what is typical is that all of them are engaged in a venture that 
demands decision-making in the face of uncertainty. The uncertain- 
ties pertain to weather, prices, availability and quality of 
inputs such as seeds and fertilizer, adequacy and timeliness of 
irrigation and incidence of pest attacks. Their objective is to ;; 
maximise sustained income and reduce its variability subject to ^ 
constraints imposed by status and social standing (consuming home— , 
grown food) , maintaining the proprietorship over land and such ! 

other considerations. ; 

Therefore, any objective that the government (society) desires V 

to achieve can be attained only if it is in consonance with what /n 
each individual farmer wants and its collective effect* 

: , . , ■ . ■ . ■ ' ; ■ "■ ■■■ ' ■ ■ ' ■ ■ . , ' • ' ■ .■ 

in this connection, the spatial and hydraulic aspects of irrigation ^ : 

networks have to be given due weightage. Location of a faim with 
respect to the distribution system immediately places certain 
advantages or disadvantages. The dynamic actions of flow of v/atcr 
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again confer differential advantages and disadvantages on up- 
stream and downstream farmers* Downstream farmers have to 
counteract more the tendency of water to destroy its physical 
confines unless constantly attended to^ This attention m.ay not 
be possible by individual farmers and would need collective action 

V’ 

since the downstream farmer faces the cumulative effect on the i 

physical system upstream of him. : 

P ro du ct i V i ty ; 

Agricultural production is a function of innumerable factors ^ 

among which are soil characteristics, weather conditions, inputs 
like seed, fertilizer and water, pest control, cultural practices, 
and supervision and management. Water is a key input which also 
enables the use of other inputs. 

The total production in terms of the usable product, say, grain 
or fibre, will depend on all the relevant factors in a very complex 
fashion. Because of interactions among the innumerable factors, 
some unknown and some known, production is a variable that has 
some inherent randomness. ’ 

The contribution to productivity that a particular factor or 
input, say, water, makes is of particular interest when one is 
faced with the problem of its utilisation, especially if it is 
scarce. In this context, it is also of relevance to know whether 
this factor is controllable and if so to what degree; and if it 
is controlled, the extent possible, and how it contributes to 
production in the presence and absence of controls over other u 

inputs. Further, does the variability in production remain or not 
and to what extent it remains when controls are exercised over ; 

this particular input? i •' 

TO the farmer, production in terms of say, grain, will be of 
interest only if it is all for consumption or utilization in i,\ 

3.notli0ir p>i?oc0ss 3 .S sn inpii't wbicli Ccinnot b0 otboirwis©* wbo-t 

is mo IT© g 0 n 0 ira.lly applicsbl© is th© incorn© that this pnocSnction 
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generates when the surplus, after the consurnption and other 
uses are provided for, is marketedo Thus production and prod— 
uctivity in financial terms are of importance. These depend 
upon prevailing prices, and their characteristics (whether 
administered or not), market access, ability to keep stocks, 
debt-service requirements, etc. Thus agricultural production 
and productivity depend upon a number of factors among which 
water is one. Production and productivity of water alone, thus, 
is a function of all the other variables. To individual farmers, 
these other variables are specific and their quantum and quality 
vary. To the public agency, a collection of these individual far- 
mer situations constitutes the basket that could be utilised for 
production and productivity due to water. 

In this connection the first task faced by the agency is the 
assessment of the quantum of water available in the tank. Spatial 
and temporal variability of rainfall, the source of water, are well 
known. Stream- flow being a random variable, one can only assess 
it in a probabilistic sense. Added to this are the uncertainties 
introduced by lack of hydrometeorological data and hence use of 
empirical relationships developed for use v/ith inadequate data. 
Yields are still assessed on the basis of Strange's and Binnie's 
approaches developed many decades ago on the basis of limited 
observations. 

On the basis of this yield assessment and crop-water needs based 
on a proposed cropping pattern arrived at in consultation with 
agricultural experts, the command area is delineated and distri- 
bution system designed. 

Obviously, in a command with a variety of crops being grown, 
water supply cannot match the requirem.ents of each and every one 
of them. Fuirther from the point of production alone, pxxDvrded the 
soil and weather permit different crops, tne crops raised would 
be functions of^ prices and water consumption per unit output. 

Water rates are assessed on a per hectare basis and on the crops 


5 


grown. TO individual farmers, therefore, water from a public 
system has zero marginal cost and hence the level of its usage 
is at or higher than the point where the production function 
attains its highest value. The incremental productivity of 
water at this level is, zero, , and tends towards negative levels 
if water application is increased further, although, generally, 
the response curve is rather flat in the neighbourhood of the 
highest point. This leads to head-end farmers using more water 
than necessary. 

To the agency in charge of the system, productivity of water is 
of concern. Therefore, its aim is to spatially and temporarily 
so distribute water, subject to soil conditions, that incremental 
or marginal productivities of water applied at different locations 
are equal and if possible at the highest level of production. 

The equality is from consideration of water released at the head- 
works and therefore water applied at a farther point should have 
higher productivity than at a nearest point to compensate for 
losses in transit. Similar considerations require that water 
applied at a season when storage is drawn down should have a 
higher productivity compared to the season where storage is 
built up to compensate for evaporation losses. 

Thus for achieving higher productivity of water impounded, from 
the point of view of the public agency, a compact command area 
that minimises transit losses is to be preferred, so also crops 
that produce higher value per unit consumption of water. Also, 
since water is the controllable but scarce resource, irrigation 
application has to be at a level lower than what is required for 
maximum production per unit land. 

Land is generally a fixed and scarce resource for the farmer and 
therefore from his productivity considerations water has to be 
applied to attain maximxom production from land or at a level 
where marginal productivity of water is zero. More so, when he 
pays water rate on a per acre basis and not on a volumetric • 
basis. 
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Tlnus ths qP-^stion of p productivity froip. the two view points 
raises completely conflicting requirements? in one, water is 
the fixed (and scarce) resource, in the other, land. Also 
reaching the production and productivity considerations of the 
agency will require individual farmers moving av7ay from their 
requirements. This may need imposition of suitable constraints 
by technical, economic, institutional and organisational means. 
Whether such constraints can be devised and imposed upon is 
the whole crux of irrigation management. 

Equity 

Among the objectives pursued by the society, one is equity, which 
has impact on the distribution of benefits and costs to various 
segments of the society. Absolute equality and uniformity are 
not what are desired or intended since this is impossible given the 
differences in the intrinsic qualities among individuals and their 
preferences. However, equity is meant in the sense of fairness 
in the distribution of opportunities, goods, services, knowledge 
and information that enable the development of the individual and. 
the family which in the aggregate form the society. This implies 
recourse to principles of justice to correct or supplement law, 
i.e. valid in equity as opposed to law. Equity in the broad 
sense impinges on all sectors of activity s irrigation, education, 
health and others. 

Equity is a beautiful concept in the abstract but very difficult 
to operationalise. Governments do undertake measures leading to 
greater equity. For example, income tax is levied on a graded 
scale on incomes higher than a stipulated base level. The same 
health services are provided in a hospital but the charges levied 
increase with the income of the individual. Similar is the case 
in education. Whether such measures devised to attain more of 
equity are adeqzate is a matter of perception and subjective 
judgement. 
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Considerations of quity are impoirtant in irrigation at least 
at two levels. One is the choice of the projects and the other 
is the distribution of water among fanners. Even while deciding on 
which of the innumerable irrigation projects (tanks) will be 
taken up for implementation and in what order, equity considerations 
have to be resolved. In public systems the political process is 
to do this. The very creation of irrigation systems can once 
again bring in equity questions since persons are displaced to 
create the storage. Leaving aside such questions of equity in 
the larger context, what is being considered is equity only in 
the context of a given irrigation system (tank) since we can 
exert some control over distribution of water at this level. 


In any tank command the holdings of land are highly unequal. A 
small percentage of large farmers holds a large extent of land, 
while the bulk of the farmers has small holdings. It is not the 
function of an irrigation system to correct this. There are other 
instruments like land reforms devised by the society to address 
this question. 




Given this situation, equity implies that the input, water, 
supplied by the public system should be distributed as fairly as 
possible all along the system. Since this input enables the use 
of other inputs, it should be available at least to the level, if 
such a threshold exists, that will permit the use of other inputs,' 
so that no one is denied the chance of using improved agricultural 
practices. However, it should be noted that providing water alone 
does not enable this, since requirements of credit, labour, etc., 
have also to be met. None— the— same, at least one constraint is 
relaxed when water is provided. 




Since soil conditions var'y and crops planned could also be different, 
providing water to a level tha.t enables use of other inputs is not 
easy. If only a single type of crop is grown all over the command 
the problem is relatively simpler. However, with a variety of 
crops grown, an operational form of equity is needed. Thus equity 
in distribution of water has often been taken as equality in water 




I 

s; 
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available per unit’ of land. Rostering of supplies is intended 
to achieve this, A measure of equity achieved/ can perhaps be 
the comparison of crop pattern at different locations of the 
system and their yields (correcting for constraints on use of 
other inputs and allowing for differences in soil conditions and 
whether this constraint is water) » 

Productivity and Equity in Minor Irrigation Tanks in Karnataka 

In connection w;ith a study on "Farmers' Participation in Tank 
Irrigation Management", 1, 2, 3 extensive survey was done of 
farraer perceptions and attitudes in a few selected tanks. 

Among the tanks studied were Hanchinal in Bijapur District 
(355 ha.)/ Doddalahalli in Bangalore district (300 ha.) and 
Ambligola in Shimoga district (2000 ha.). Hanchinal is a rela- 
tively new and a well maintained tank, whereas Ambligola and 
Doddalahalli are older st 2 ructures and their maintenance is less 
than adequate. 

In Hanchinal 50 out of 108 farmers were interviewed, while at 
Amgligola and Doddalahalli it was 106 out of 256 and 120 out of 
255/ respectively. 

Regarding productivity no firm data on yield and such measurable 
indicators were available. However, indicators such as cropping 
pattern and cost of cultivation were collected. These could 
throw some light on productivity and its variations in the system, 
in the absence of other data. 

In order to assess whether location of the farm influences the 
choice of crop pattern, the farmers were asked vjhebher there were 
any differences in the choice of crops between head and tail-end 
farmers and the reasons for the differences, if they existed. 
Similarly, they were asked to comment upon the differences in 
cost of cultivation. 


In H0.nchin3.1 and. Doddalahalli^ tha fairmairs do not poircGivo any 
differences in the cropping pattern, at various locations in the 
system* Also, in Ambligola, the majority (78%) does not perceive 
any difference* However, those who do, attribute it to water and 
economic reasons * 

I 

Similarly, regarding the cost of cultivation, the majority of 
farmers, 78% in Hanchinal and 84% in Ambligola, do not think 
that location has any effect on cost of cultivation. A few 
who perceive differences in cost of cultivation, attribute it to 
water. 

Regarding equity, the farmers were asked whether they got ade- 
quate supply of water whenever they needed and whether they got 
enough water for each crop. They were also asked about their 
perception of equity in water distribution-eqaity among outlets 
and equity below outlet. 

Hanchinal farmers perceive that water supply is adequate for every 
crop and there is equity, by and large, in distribution. However, 
some tail-end farmers feel that there is not enough equity in 
distribution of water among the outlets. 

In Ambligola and Doddalahalli, availability of water is a function 
of the location of the farm. Tail— enders receive relatively 
inadequate water. Also a significant percentage of tail-end 
farmers perceive inequity in distribution (Tables 1 to 7). 

One of the main differences between Hanchinal on one hand and 
Ambligola and Doddalahalli on the other, is the quality of the 
physical system. 

Moder nisation of Tanks for Better Equity and Ripduptj -yi 

Gundamagere tank situated near Doddaballapur in Bangalore district 
is an example of modernisation contributing to equity. The tank, 
as per the original design, was intended to irrigate 200 ha. 

(500 acres) of wet (mainly paddy) crops. The PWD during the later 


thG last decads, incireased the capacity of the tank firorn 
2.86 m.cu.m. (72,72 m.c.ft.) to 2,8 in,cu,in (98,70 ni,c,ft,) hy 
raising the waste weir by 90 cm. (3 feet) and converting it to a 
high CO- efficient weir as well as raising the top level of the 
embankment. This resulted in the increase of irrigated area to 
334 ha. (835 acres). They also had meetings with the farmers to 
persuade them to go in for irrigated dry crops (Ragi. Maize / Jowar 
and Groundnut) , It is reported that the farmers are growing 
mainly irrigated dry crops from 1977 onwards. 

A further improvement that has been largely carried- out (work 
is still in progress) is the lining of the distribution system 
and provision of suitable outlets and control structures. This 
has enabled the increase of the irrigated area to 400 ha. (1000 
acres) . 

Since the tank lies in an area of lov/ rainfall (around 500 mm) / 
the uncertainty of water availability is fairly high as indicated 
by the tank contents in the previous few years (Table 8) . Despite 
this hydrologic condition, the irrigation achieved has been con- 
siderable (Table 9) . 

Since modernisation, there has been a drastic change in the crop 
pattern (Table 10). 

Interviews with farmers in the command have shown that, after 
modernisation, distribution of water has become more equitable. 

An indicator of this is that crop pattern is more or less the 
same at all reaches of the system. 

There are also claims that, because of better control on water 
after modemisation, there has been some increase in yields, 

Ragi yield is said to have increased from 20 quintals to 30 quin- 
tals per hectare. Similarly Jovrar is said to be yielding 80 
quintals as against 63 quintals. 


Groundnut cultivation has picked up considerably. For example. 


11 


in 1974-75 Rabi, groundnut was grown in 28 ha. (70 acres) while 
in 1977-78 Rabi, it was 192 ha. (480 acres) and in 1979-80, 304 ha. 
(760 acres) . Yield of groundnut has changed as follows : 


Year 

Yield 

( Quint al/He eta re ) 



Maximum 

Minimum 

Average 

1977-78 

30 

15 

20 

1979-80 

47 

25 

28 


While the number of farmers applying chemical fertilizers was 
almost insignificant in 1975-76, it v/as 183 (45% of the farmers) 
in 1977-78. Average fertilizer application, NPK in Kg. /Ha., 
increased from Ils71s28 in 1977-78 to 21s75s33 in 1978-79. 

In this context it is pertinent to point out that agricultural 
extension has been non-existent since the agricultural extension 
worker has not been there since the past 3 years. 

According to one farmer any difference in yields is mainly attri- 
butable to the capacity to finance rather than location along the 
system. Even the farmers, who say there has been no change in 
yield after modernisation, state that there is better control 
over water. 

Concluding Remarks 

Data on productivity in minor irrigation tanks are hard to come 
by. However, some insight can be had from Indicators such as cost 
of cultivation and cropping pattern. 

In general there is inequity in distribution of water. However 
a good physical system seems to be a main recyrirement for attaining 
equitable distribution. 
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Modernisation of minor irrigation tanks does' contribute to 
increased productivity and equity. Unless beneficiaries are also 
well organised, the full benefits from modernisation may not be 
realised. In the example of Gundamagere tank also, farmers did 
complain about tail-end problems, although admitting that modern- 
isation has improved controllability. Officials complained about 
unauthorised irrigation and welcomed the idea of organising 
farmers and involving them in maintenance and operation. 


References 

1. Rao, P.S. and Sundar, A., "Farmer participation in Water 
Distribution and Maintenance of Minor Irrigation Tanks", 
Proceedings of the Workshop on irrigation Management with 
Special Reference to Problems of Water Distribution and 
Delivery at the Chak (Outlet) Level, Gandhian institute of 
Studies, Rajghat, Varanasi, July 1981. 

2. Sundar, A. and Rao, P.S., "Farmers' Participation in Tank 
Irrigation Management in Karnataka", Proceedings of the 
Workshop on Modernisation of Tank Irrigation s Problems 
and issues, Anna University of Technology, Madras, 

Februaiy 1982. 

3. Sundar, A. and Rao, P.S., "Farmers' Participation in Tank 
Irrigation Management", Vol I & II, Indian institute of 
Management, Bangalore, February 1982. 


i.'. 


Table 1 : Differences in Choices of Crops and Varieties 
Between Head and Tail-End Farmers 


Tank 

HANCHINAL 



AMBLIGOLA 



Proxi- 

mity 

Yes No 

No Idea 

Proxi- 

mity 

Yes 

No 

No Idea 



(in percentage) 


(in percentage) 

1. 

HH 

66,67 

33.33 

HH 

12.50 

75.00 

12.50 

2. 

HM 

71.43 

28.57 

HM 

30.00 

70.00 

- 

3. 

HT 

- 100.00 

- 

HT 

20.00 

80.00 


4. 

MH 

60,00 

40.00 

MH 

13.64 

81.82 

4.54 

5. 

MM 

75.00 

25.00 

MM 

- 

100.00 

- 

6 . 

MT 

50.00 

50.00 

MT 

- 

93.33 

6.67 

7. 

TH 

- 100,00 

- 

TH 

10.00 

80.00 

10.00 

8. 

TM 

20.00 40.00 

40.00 

TM 

22.22 

66.67 

11.11 

9. 

TT 

38.46 

61.54 

TT 

33.33 

44.45 

22.22 

Total 

2.00 62.00 

36.00 


14.42 

78.85 

6.73 


Note ; in HH, HI4, etc., the first letter refers to location on the 
main canal and the second letter to location along the field 
channel . 

H, M, T refers to Head, Middle and Tail-ends. 
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Table 2 : Reasons for Differences 

Tank i AMBLIGOLA 


SI. 

No. 

Proximity 

Water and Economic 
Studies 

No Differences 

1. 

HH 

12.50 

(in percentage) 

87.50 

2. 

HM 

16.67 


83.37 

3. 

HT 

20.00 


80.00 

4. 

MH 

18.18 


81.82 

5. 

MM 

- 


100.00 

6 . 

MT 

- 


100.00 

7. 

TH 

- 


100.00 

8. 

TM 

22.22 


77.78 

9. 

TT 

33.33 


66.67 


Total 


13.21 


86,79 
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3 s Differences in Cost of Cultivation Between 
Head and Tail-End Farmers 


Tank 

HANCHINAL 




AMBLIGOLA 



Proxi- 

mity 

No Diff- Yes 

erence 

No 

Idea 

Proxi- 

mity 

No Diff- 
erence 

Yes 

No 

Idea 



(in percentage) 


(in percentage) 

1- 

HH 

83.33 

- 

16.67 

HH 

75.00 

12.50 

12.50 

2. 

HiyL 

85.71 


14.29 

Hll 

75.00 

25.00 

- 

3. 

HT 

80.00 

- 

20,00 

HT 

80.00 

20.00 

- 

4. 

MH 

80.00 

- 

20.00 

MH 

86.36 

9.09 

4.55 

5. 

MM 

50.00 

- 

50.00 

m 

100.00 


- 

6 . 

MT 

100.00 

- 

- 

MT 

93.33 

- 

6.67 

7. 

TH 

66.67 

- 

33.33 

TH 

100.00 

- 

- 

8. 

TM 

80.00 


20.00 

TM 

77.78 

11.11 

11.11 

9. 

TT 

76.92 

- 

23.08 

TT 

66.67 

33.33 

- 

Total 

78.00 

- 

22.00 


84.91 

11.32 

3.77 
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Table 4 s Reasons for Difference 


Tank s AMBLIGOIA 



Proximity 

Economic 

Status 

Water 

No Difference 




(in percentage) 




25.00 

75.00 

1. 

HH 




2. 

HM 

8.33 

16 .67 

75.00 

3. 

HT 

10.00 

10.00 

80.00 




9.09 

90.91 

4. 

MH 

- 







100.00 

5. 

MM 

— 







100.00 

6 . 

MT 








100.00 

7 . 

TH 

— 






11.11 

88.89 

8. 

TM 

— 






33.33 

66.67 

9. 

TT 





Total 


1.89 


10.37 


87.74 


Table 5 ; Availability of Water 


Tank 

HANCHINAL 



AMBLIGOLA 



DODDALAHALLI 


Proxi- 

mity 

- YeS/ when 
tank is 
full 

No 

Proxi- 

mity 

Yes, when 
tank is 
full 

No 

Proxi- Yes, when No 
mity tank is 

full 



(in percentage) 


(in percentage) 


(in percentage) 

1. 

HH 

100 


HH 

100,00 

- 

HH 

100.00 

- 

2. 

HM 

100 

- 

HM 

91.67 

8.33 

HM 

83.33 

16.67 

3. 

HT 

100 

- 

HT 

50.00 

50,00 

HT 

75.00 

25.00 

4, 

MH 

100 

- 

MH 

90.91 

9.09 

MH 

92.31 

7.69 

5. 

MM 

100 

- 

MM 

81.82 

18,18 

MM 

64.29 

35.71 

6. 

MT 

100 

- 

MT 

80.00 

20.00 

MT 

53.85 

46 . 15 

7. 

TH 

100 

- 

TH 

100.00 

- 

TH 

61.54 

38.46 

8. 

TM 

100 

- 

TM 

66.67 

33-33 

TM 

53.85 

46.15 

9. 

TT 

100 

- 

TT 

33.33 

66.67 

TT 

14.29 

85.71 


Total 


100 


79.25 20.75 


66.67 33.33 


00*001 
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Total 80.00 4.00 12.00 4.00 47.17 33.96 16.98 1.89 48.33 51.67 
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Table 8 s Storage in Gundamagere Tank 


Date 

Tank Contents 

01-1-1979 

No water 

15-7-1979 

(1.25 m.cu.m) 

01-12-1979 

Full* 

01-6-1980 

No water 

01-12-1980 

No water 

01-6-1981 

No water 

01-12-1981 

Full* 

01-6-1981 

(0.85 m.cu.m) 


* 2.8 m. cu.m 
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Table 9 : Area Irrigated in Gundamagere Ayacut 


Year 

Area Irrigated 

(Hectares) 

Kharif 

Rabi 

1974-75 

226,8 

214.8 

1975-76 

252.4 

250.8 

1976-77 

252.4 

246 . 8 

1977-78 

240.4 

282.8 

1978-79 

376.0 

260.0 

1979-80 

384.0 

354.0 

1980-81 

400.0 

- 

1981-82 

400.0 

400.0 
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Table 10 : Cropping Patterns in 1974-75 and 1979-80 
in Gundamagere Ayacut 


Crops Grown 

1974- 

■15 

1979- 

80 

Kharif 

Rabi 

Kharif 

Rabi 


(Hectares) 

(Hectares) 

Groundnut 

38 

28 

112 

304 

Ragi 

25.6 

24 

98 

8 

Jowar 

24.8 

28 

120 

2 

Mulberry 

20 

20 

32 

24 

Tomato 

4 

14 

4 

4 

Tobacco 

- 

16 

- 

- 

Sugarcane 

34.4 

32.4 

- 

- 

Paddy 

80 

52.4 

14 

8 

Total 

226.8 

214.8 

384 

354 


PERFORMANCE APPRAISAL OF TANK IRRIGATION SYSTEM - 


A MICRO LEVEL STUDY 


C.R. Shanmugham, R, Sakthivadivel and S. Savadamuthu 
Centre for Water Resources 
College of Engineering 
Anna University 
Madras 600025 


Introduction 

Good manageinent of water has always been recognized as an 
important component of successful irrigation all over the world* 
Lack of adequate water control on the other hand, has been a 
major constraint to crop production in many countries of Asia. 
Impressive evidence has accumulated over the past few years to 
show that a major cause of poor performance of irrigation schemes 
in many parts of the developing world has been deficient manage- 
ment, particularly in the operation of canal systems, which has 
resulted in marked inequalities in the pattern of water distri- 
bution between head reach and tail reach farmers and large and 
small farmers. In an aggregate examination of constraints, by 
Herdt and Wickham (1978), lack of water control was identified 
as accounting for upto 40 per cent of the difference between the 
apparent potential and actual yields in the Philippines (1). 

Research studies made in Taiwan indicated (2) that rotational 
irrigation could achieve water savings of about 20 to 30 per 
cent without any reduction in rice yield. This method was also 
found favourable to plant growth and effective in saving ferti- 
lizer and labour and in the elimination of disputes over water. 
Rotational irrigation in Taiwan is also credited with signi- 
ficant extension of irrigated areas and in some cases, with 
higher grain vields. Another study made in the Philippines 
showed the severe inequity in water allocation and distribution 
that existed in a small gravity irrigation system although the 
total water availability in the system as a vzhole was adequate. 
The reasons for this inequity are basically misuse of water in 
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reaches closer to the source due to lack of adequate control 
and delivery schedules in the system by the management. It 
was estimated that equity could be ensured with such measures 
as controlling discharges from the existing turnouts, reducing 
the number of turnouts in the main canal and implementing a 
well-planned lay out of farm ditches to replace the existing 
but haphazardly constructed faimi ditches; and that these improved 
facilities would be helpful in implementing scheduled water 
allocation to the different sections of the service area accord- 
ing to their felt needs. These measures would improve not only 
the water use efficiency in all sectors of the system but also 
permit expansion of the project's service area by utilising the re- 
sulting water savings to meet the irrigation requirements of 
additional areas . There is thus accumulating evidence that 
improved management can achieve both production and equity object- 
ives on existing systems. 



Water used in an irrigated farm is the result of a series of 
operations carried out at different points in an irrigation 
system. Generally the smaller the system, the less complex it 
should be to operate it in order to ensure equity. Irrigation 



tanks and small reservoirs have the advantage of the corrmand 
areas being compact and located directly below them to facilitate 
better control and management of water, as compared to the major 
river valley system with their numerous structures in their head 
works, canals and distributories and large extent of command area. 
But an existing irrigation system irrespective of its size, has 
certain traditions and water rights built up over the years, 
which will be difficult to change even for providing equity of 
irrigation water. These traditions and rights are presumably 
influenced by the farmers' past experience with water availabi- 
lity and water sharing and the nature of control then existing 
for water allocation. While the conveyance, distribution and 
delivery facilities can he desianed and 

to ensure equity and productivity, conflicts amongst 


in thG management of water will be the maj or problem to be 
overcorrie for the efficient operation of the physical facilities 
and the improvements made. These problems become particularly 
aggravated when the demand for water from all the farmers bene- 
fited by an irrigation source is simultaneous or when the demand 
exceeds the available supply. 

Objectives of the Study 

An irrigation system comprises of not only the physical and 
hydrological features but it also incorporates other related 
and vitally significant factors of economic, social, legal, 
environmental and ecological importance. Management of water 
in the land is undertaken by man vj'ithin a prevailing physical, 
social, economic and social framework. It is therefore more 
than a technical function and calls for skilled water users and 
appropriate services and structures, together with adequate 
organisational or institutional support. 

It is to develop such relevant techniques and methodologies 
based on the concepts detailed above, that a tank irrigation 
system has been taken up for study, in order to s 

1. assess the present status of water development, utilization 
and management? 

2. determine how the efficiency can be improved? 

3. develop technology and management tools to achieve more 
efficient utilization of the available water? 

4. implement the improvements designed? 

5. monitor the impact of the improvements 

6. evaluate the results in terms of equity and productivity? and 

7. prepare guidelines for application of the useful results to 
the other tank irrigation systems. 

The tank modernisation study is being undertaken by the centre 
for Water Resources, college of Engineering, Anna University, 
Madras with financial support from the Ford Foundation, New 
Delhi. The public Works Department (Irrigation Wing) , Government 
of Tamil Nadu, The Agricultural Engineering Department, Government 
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of Tamil Nadu and The Agricultural Economics Research Centre, 
university of Madras have been collaborating with the study. 

Details of the Studies and Investigations 

The studies were commenced during July 1981 in an irrigation 
tank in Padianallur village, Chengalpattu district, situated at 
about 21 kilometers north of Madras on the Madras- Calcutta 
National Highway. This is a non- system tank, receiving its 
water supply from rs-infall from its own watershed and without 
any other supplementary source. The water in the tank is availa 
ble for a period of 4^5 to 5 months in a year from mid-October 
to mid-March. 

Phase 1 of the investigation involved s 

i. engineering survey of the watershed, 

ii. computation of the area and water yield, 

iii. collection of particulars of supply channels, 

iv. detailed topographical survey of the tank bed, 

V. computation of storage capacity of the tank for 
different depths and water-spread areas, 

vi, taking levels and plotting the longitudinal and 
cross-sections of the tank bud, 

vii. collection of specifications of the surplus weir and 
irrigation sluices, 

viii. spot levels of the command area, longitudinal and cross- 
sections of all the main irrigation channels and the spot 
levels of adjoining fields, and 

ix. preparation of maps or drawings. 

Phase 2 of the investigation involved : 

i. installation of the depth and flow measuring devices 
such as depth gauges in the tank bed. and V notches in 
the main irrigation channels, 

ii. establishment of bench-marks in selected wells in each 
of the three reaches to measure the water table, 

iii. drum culture studies to record the deep percolation 
loss and evapotranspiration of the crops raised, 

iv. installation of Parshall flumes to measure the seepage 
loss in selected sections of the main channels, and 


V. in connection with the climatic analysis and crop 

transpiration study a meteorological field station was 
also installed at the tank site during February 1982. 

The following weather data are observed at daily intervals : 

i. Maximum and minimum temperature 

ii. Dry and wet bulb air temperature (screened) 

iii. Rainfall 

iv . Open par evaporation to estimate tank evaporation poss. 


Salient Features of Padianallur Tank 

The engineering investigations and measurements made so far show 
the salient features of the tank ,as follows s 


Particulars 

Watershed 

Waterspread 

command area 


Free 

intercepted 



Area 

3.75sq.km. 

3.10 sq.km. 

97.28 ha. 

252 ha. 

Slope 

1 « 5% 

3% 

0.5% 

0.05% 

Soils 

Red loam 

Red loam 

Clay loam 

Clay loam 

Fertility 
status or 
condition 

Moderately 

eroded 



Low in organic 
matter content, 
poor in available 
nitrogen and ava- 
ilable potash and 
well supplied 
with phosphorous 

F ree f rom s al in ity 
and alkalinity 

Vegetation 

Agri. 
crops 90% 
Barren 

10% 

Agri. crops 
15% 

Eucalyptus 
t ree pi ant- 
ation 20% 
Barren 65% 

Weeds like 
nut grass 
(Cyperus spp 
" 40% 

Agri. crops 
30% 

Barren 30% 

.) 


irrigation water good and suitable for irrigation. Storage 
capacity at full supply level % 0.721 m. cu.m, per fulling. 
Number of fillings in a year (estimated) s two 
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Condition of the : Silted up and covered with weeds / resulting 
supply channels in reduced carrying capacity. The water 

supply from the intercepted watershed is 
negligible, as a syphon through which the 
run-off water is to flow into the tank is 
choked up with debris, silt and boulders. 

Number of sluices : 4 

Sluice No. 

1 2 3 4 ' 

command area (ha.) 78 13 2 34 8 

Water control : plug and rod type (sliding wooden shutters) 

Length F.S.L. M.W.L. T.B.L. 

(M) (M) (M) (M) 

Tank bund s 1945 99.15 99.60 100.50 

Surplus weir s 38.1 M long broad crested masonry weir with 

apron and revetment. 


Present Status 

While there is a negligible reduction of 0.43 per cent in the 
water spread area, from 97.70 ha. to 97.28 ha., due to silt 
accretion in the reservoir, the corresponding reduction in the 
storage capacity has been 11.75 per cent from 0.817 m.cu.m, to 
0.721 m.cu.m. This silt accretion is caused by soil erosion 
from the watershed and cultivation of annual crops in the 
agricultural lands situated in the foreshore of the tank. 


The tank bund which is designed trapezoidal in cross-section 
-2 m. wide at top and l5^ : 1 front slope and 2 t 1 rear slope, 
is found cut down on the rear side by encroachers, resulting in 
some loss of tank water through seepage. The shape of the bund 
is also obliterated by cattle tresspass and erosion and it needs 
strengthening as well as provision of stone pitching on the water 
side. . ;• 



As a measure of improving the communication and transport system 
between the farthest village and the marketing town nearby, the 
tank bund needs widening and improvement to serve as cart track 
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While the surplusing arrangements are adequate to safely dispose 
off the anticipated peak flood discharge of 852 cusecs, the 
irrigation sluices are leaky and need repairs and improvements 
for better control and regulation of water according to the 
requirements. An additional sluice also needs to be constru- 
cted, in order to facilitate irrigation of fields situated at 
higher elevations and hence uncommandable at present by any 
of the existing sluices. 

The main irrigation channels which convey irrigation water from 
the sluices are silted up, choked with weeds and are meandering, 
resulting in a sluggish flow of water. They have to be cleaned, 
the meanders are to be eased or straightened, the cross-sections 
are to be sectioned to hydraulically efficient shape and size 
and lined too, in order to increase their discharge capacity and 
thus convey the tank water to the farthest end of the command 
area with the least seepage loss. From each of these main 
channels some branch and field channels carry water to the rice 
fields. 

Although the registered command area of the tank is 252 ha,, 
the area actually cultivated by the farmers had been ranging 
from 164 to 240 ha., during the past several years, mainly due 
to inadequate storage of tank water. 

Ground Water 

The command area which is spread over three revenue villages 
has been divided into three reaches - the head, middle and tail 
end - based on the location of the fields - in order to examine 
whether there is any difference in the quantity of water received 
in these reaches and if so how best the supply can be made equit- 
able. The farthest end of the command area is about 3000 meters 
away from the tank water spread. The water table during the pre- 
monsoon period in these reaches is 4.50, 5.00 and 5,5 meters 
respectively below the ground level, whereas it goes up to 0.35, 

0 . 54 and 1.40 meters belovr ground level during the post-monsoon 
period when the tank gets filled up. There are 22 open and 16 
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shallow tube-wells sunk in the comiriand area and energised v/ith 
electric or diesel pump sets or motors and used for irrigation 
when the tank water is not available. These wells which get 
their recharge from the tank and by the percolation of the 
irrigation water applied to the lands, command an area of 95 ha. 
and the conjunctive use of surface and ground water being pra- 
ctised here has been helpful to increase crop production. 

Water Regulation and Control 

The water regulation is vested with a water guide employed by 
the farmers of the command area who pay him in kind. The water 
guide opens and closes the sluices and regulates water to each 
block of land-holdings on the basis of demand and mutual agree- 
ment amongst the land owners under the command of each sluice. 

In this arrangement, equitable water distribution is often 
subordinated to the influence of vested interests and often 
it is the tail-enders who are deprived of adequate water supply, 
particularly as the level of the tank water recedes. While the 
fields situated adjacent to the main channels get water directly 
through the openings made in their banks by heading up water 
when necessary, the other fields get their supply by field to 
field irrigation which is wasteful. In one sluice commanding a 
block of 27 ha. in one village and another block of 104 ha. in 
two other revenue villages further away (totally 131 ha.), 
turn system of water supply is resorted to on alternate days, 
resulting in inequitable distribution. 

Land Drainage 

Drainage water from the irrigated fields flov/ down the same 
channels which carry the irrigation water to the fields down 
below. There is no separate drainage system for the area. 
Provision of a network of drainage ditches and increased carrying 
capacity of the irrigation channels are to be made to improve 
land drainage during the monsoons when the fields get inundated. 


Agricultural Practices 


The farm holdings in the command area vary from 0.10 to 5.10 ha. 
in extent. While one crop of rice is raised in almost the entire 
area/ a second crop of rice raised in about 40 to 50 per cent 
of the fields, mainly by those who have wells as supplementary 
source of irrigation. The agricultural practices closely follow 
the rainfall pattern. The South-West monsson lasts from mid- 
June to mid-September and the North-East monsoon from mid- 
October to December. The land preparation commences in July, 
after the first few showers of the South-West monsson are . 
received. The average South-V/est monsson rainfall received is 
about 400 mm and the North-East monsson rains amount to 700 mm. 

The remaining 166 mm of annual rainfall is received during the 
winter and dry weather periods, from January to May. When soil 
moisture is adequate, paddy seeds are sown broadcast as a rainfed 
crop to start with. As the crop grows, two to three wettings 
from the tank are given to a depth of 5 cms. each, when the 
intervals between the rains are long or after the cessation of 
the rains, for the crop to mature. Those who have wells raise 
rice nurseries in advance and transplant the seelings in paddy 
fields. Local as well as high yielding varieties of rice are 
cultivated. Transplanted rice yields are about 2.8 tonnes per 
ha. which are higher by about 65 per cent as compared to broad- 
cast crop (1.9 tonnes per ha.), due to better control of weeds 
and better fertilization. If the tank water is adequate for 
raising another crop, the farmers raise the second crop to short 
duration rice and supplement the water required to mature this 
crop with well water. Those who do not have wells purchase 
water from neighbouring farmers who own wells or raise pulse crops 
with the residual moisture available in the field, after the 
harvest of the first crop of rice. Thus the tank storage caters 
to the latter half of the first crop and to the first half of the 
second crop. Depletion of the tank usually precludes irrigation 
of a full crop of rice crop during January - May which is the dry 
season in this part of the country. It is here that the con- 
junctive use of ground water plays a vital foie to supplement 
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the surface irrigation from the tank. If the period of tank 
storage is prolonged by minimising the losses and wastage of 
water, it can be advantageously used for irrigating the entire 
command area during the first crop and also to Increase the 
irrigated area during the second crop. There is also a large 
scope for diversifying the cropping pattern and switching from 
rice to crops that make more productive use of the irrigation 
water, such as groundnut, pulses and vegetables. 

Socio-Economic Conditions 

In order to identify the practical problems experienced by the 
farmer beneficiaries of the tank irrigation system, it becomes 
necessary to understand the existing traditional farming system 
of the area and to isolate the major constraints if any, to 
increase crop production, employment potential and economic 
improvement of the fanning community. A socio-economic survey 
was therefore conducted to assess their present economic status 
and the physical, financial and psychological barriers to agri- 
cultural development in the command area. This survey was 
comprehensive and was made with the following broad objectives, 
with the main emphasis laid on water management practices. 

1. Ascertain the currently adopted farm practices and water 
management tcchnic|ues; 

2. Examine the financial credit requirements for inputs and 
farm investments; 

3. assess the additional support needed to protect the weaker 
sections of the farming community from being left behind; and 

4. Suggest the nature and intensity of extension service needed 
to motivate the farmers to adopt improved agricultural and 
water management practices . 

For this survey, a structured and pretested questionnaire was 
used. The study of socio-economic conditions of the farmers cov- 
ered the following aspects s 

i. Distribution of households area and size, 

ii. Population, literacy level, occupational pattern and 
wage rates 

iii. Farm, non- farm and fina^ncial assets. 
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iv. Land use and cropping pattern/ 

V. Adoption of improved agricultural practices and inputs/ 

vi. Costs of cultivation, income and output- input ratios/ 

vii. Irrigation and water management practices, 

viii. Crop yields and market prices, 

ix. Household incomes and expenditure, 

X. Financial and credit requirements 

The findings on some of the important aspects are summarised 
below I 

1. Farming Households 

As per village records, there are 336 householders in the 
command area in the three revenue villages of Padianallur, Pala- 
voyal and Theerthakarayampattu, owning a total area of 263 ha. 
of land. Of these, only 305 families are settled in the three 
villages and they cultivate 238.25 ha. The others are settled 
elsewhere and are absentee land owners. Hence the study covered 
only these 305 farming families. The average size of land hold- 
ings in Padianallur village is 0.83 ha., while it is 2.32 ha. in 
Palavoyal and 0.31 ha. in Theerthakarayampattu villages. 


The following table furnishes the classification of the farmers 
and the area ovmed by them in the different reaches : 


Classification of 

Farmers 


Land Holdings 


Small 
(Upto 1 
ha. ) 

Medium 

(1-2 

ha.) 

Large 
(More 
than 2 
ha . ) 

Total 

No. of farmers and % 

249 

(81.6%) 

45 

( 14 . 8%) 

11 

(3.6%) 

305 

(100.0%) 

Area owned (ha) and % 
of total extent of land 

92.44 

(39.0%) 

64.55 
(27 .0%) 

81. 26 , 
(34.0%) 

238.25 

(100.0%) 


No. of farmers owning 
lands in different 


JL 

Head 

43 

18 

3 

64 Nos. 

Middle 

65 

19 

3 

87 Nos. 

Tail-end 

141 

8 

5 

154 Nos. 
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2. Vfaqe Rates 

The prevalent wage rates in the command area for different 
categories of labour and operations are as follows s 


SI. 

No. 

Type of Labour 

Name of Operation 

Wage per 
day (Rs.) 

1. 

Bullock pair with operator 

Ploughing 

15.00 

2. 

Man labourer 

Land levelling, 
bunding, sowing etc. 

10.00 

3. 

Man labourer 

Non- agricultu ral 
operations like con- 
struction of wells, 
heavy earth work 
excavation etc. 

15.00 

4. 

Man and woman labourer 

Weeding, manuring 
harvest etc. 

5.00 - 

8.00 

3. 

Land Use and Cropping Pattern 




Cropping pattern of an area or a farm depends on several factors/ 
the most important of vrhich are the resources position of the 
cultivators, rainfall distribution, availability of irrigation 
facility, market price and demand for the produce. 

In the command area of the tank under study with 38 wellS' in 
operation to supplement the tank water, rice is the predominant 
crop grown in about 9 2 per cent of the area during the first 
crop season. This is followed by rice- again in the farms having 
wells, while the others grow dry irrigated crops like ragi 
(millets), groundnut and chillies, or pulses which grow by 
utilising the residual moisture in the soil after the harvest of 
the first crop. 

The percentage of extents covered by the different crops grown 
in the command area in all the villages during 1980-81, their 
average yields and harvest prices are as follows s 
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SI. Name of crop 

No. 

% of area 
covered 
(both 1st 
and 2nd 
crop) 

Average 

crop 

yield 

qtls./ha. 

1st 2nd 

Village harvest 
price Rs./qtls. 
(both 1st and 

2nd crops) 

1. Paddy (Rough rice) 

92 

22 

27 

Local variety 
120/- 

2, Ragi (Millet) 

3 


10- 

17 

High yielding 
140/- 

3. Pulses (Black gram) 

3 


2,5 

300/- 

4. Chillies (Red pepper) 

1 


14- 

16 

800/- to 900/- 

5. Groundnut 

1 


29 

150/- 


The main reasons why rice is predominantly grown appear to be 
that the whole region is a rice growing area; farmers have been 
traditionally growing this crop and are conversant with the cul- 
tivation practices of the crop, there are several rice mills 
available in the area to process the produce; a large rice 
market ready to buy the product? and an urban area like the city 
of Madras close- by to consume the produce. With appropriate 
extension work there is a good scope to diversify the cropping 
pattern by introducing crops like groundnut, pulse and vegetables 
that will make more productive use of water and also give a much 
higher return to the farmer. 

Pattern of Inputs 

About 77 per cent of the area is covered with high yielding 
varieties of crops. All the farmers in the command area use 
Farm Yard Manure (F.Y.M.) as a basal application and chemical 
fertilizers thereafter. The average use of manure and fertilizer 
in the three villages during the year 1980-81 was as follows s 
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Name of village 


Average quantity Average quantity of 
of FIM applied chemicals fertilizers 

(tonnes/ha.) applied (Kgs. /ha.) 



I crop II crop 

I crop 

II crop 




N P K 

N P K 

1. Padianallur 


10.8 Meagre 

79 18 18 

92 30 30 

2. Palavoyal 


12.9 Meagre 

86 23 23 

94 34 34 

3. Theerkiakarayampattai 

18.5 Meagre 

719 9 

70- 12 12 

Most farmers adopt plant 

protection practices, but 

the degree 

of protection varies 

according to their 

' resources. 


5. Cultivation costs 

and 

Returns 



The follov/ing table 

furnishes the cropping intensity, as well as 

the costs and returns from cultivation 

obtained in 

the different 

reaches . 





Reach Cropping 

Intensity 


Average 

for all farmers 


Cost of 
cultivation , 
per ha. (Rs) 

Gross crop 
income pe r 
ha. (Rs.) 

Output/in- 
put ratio 
(Rs) 

Head 1.4 


2960 

37 27 

1. 26 

Middle 1,2 


2805 

36 25 

1.29 

Tail-end 1.6 


27 37 

3961 

1.45 


6 . Irrigation Practices 

The study of irrigation practices related to fifty farmers sele- 
cted by the stratified random sampling method. The area owned 
by the 50 farmers is 37.44 ha. It is seen from the survey that 
the small farmers constitute 80 per cent (40 nos.) of the total/ 
v^hile the medium and large farmers constitute 14 per cent (7 nos 
and 6 per cent (3 nos.) respectively. About 12 per cent of the 
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f s,3;Tne.’3rs in thG cominand area own suppl eniental sources of 
irrigation like open and shallow tube- wells which command a total 
area of 94.5 ha. or about 40 per cent of the command area. But 
in the sample analysed, nine out of the fifty farmers owned 
wells (2 out of 40 small farmers, 4 out of 7 medium farmers 
and 3 out of 3 large farmers) . Palavoyal village is at the 
tail-end. One large farmer and his family have five irrigation 
wells and own 3 2 ha. of land. Even .though the tail-end reach 
has not uniformly benefited from the Fadianallur tank water, it 
is because of this farm family vrith a fairly large area under 
suppleraental well irrigation that the picture depicted has become 
different and the crop income from that village has been the 
highest. 

7. Method of Irrigation 

Ninety per cent of the small farmers and 38 per cent of the 
medium farmers do not have field channels in their land holdings, 
while all the large farmers have these channels. Totally about 
65 per cent of the area lack field channel facilities. Field to 
field irrigation is practised in these areas which results in 
wastage of vrater, besides delays in water supply. This makes 
the lower down farmers totally dependent on those whose fields 
are situated above. This method of field to field irrigation 
also results in loss of plant nutrients and is therefore not 
liked by most farmers. Three to five irrigations are generally 
given by the farmers during the first crop season, mostly from 
tank water, to supplement the rains. During November-December, 
which is about the end of the first crop season, the tank is 
generally full. Then the f.Teld.s s.itucited in the head reach 
receive seepage water from the tank and are flooded. These 
farmers do not irrigate their fields then, but resort to surface 
drainage of their fields. Four to eight irrigations are given 
during the second crop season v^hen the rains stop. But this 
irrigation is initially done from the tank and later from the 
\vells, as i^rater lasts in the tank only for about one and a half 
to two months during this period. The depth of water applied is 
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5 can. to 7.5 cm. for each application and the irrigation interval 
adopted by the majority of farmers ranges from 7 to 10 days. 

Even' though the tail-end reach generally faced shortage of ■water 
from the tank/ the large farmers oti/ing wells supplem.ented the 
irrigation re'oui^sments from the wells and obtained good crop 
yields. The other farmers in this reach who do not have wells, 
do not raise a second irrigated crop. 

Water charges are collected by the Government along with the 
annual land revenue, based on the area commanded and not on 
the quantity of water used. The charge varies from Rs.7/- to 
Rs. 14.50 per hectare depending upon the fertility classification 
of the land. 

Of the several farmers interviev7ed, 85 per cent expressed dis- 
satisfaction over the present distribution system of field to 
field irrigation. They desired better regulation to ensure 
equity, desilting of tank to increase storage capacity and of 
'the irrigation channels to ensure be'tter discharge upto the tail- 
end. They also desired more distributories and field channels 
to be provided. 

8. Finance and Credit Recfuirements 

The resources of the farmers who are fully dependent upon agri- 
culture for their livelihood are low. Therefore they need credit 
facilities, as the cost of cultivation has been increasing with 
the introduction of high yielding varieties and application of 
chemical fertilizers and pesticides in large doses. But what 
is important is that these small cultivators are often not credit- 
worthy and hence do not get adequate credit for the required 
inputs from the financing agencies. It is this category of 
people 'who should be helped in a special way, at uhe same time 
ensuring that the credit given on personal secu'rity is collected, 
without default. 
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It is seen from the survey connected that only 57 out of 305 
farmers revealed that they borfov,ired money to meet their require- 
ments. Many farmers do not reveal their debit position. Of 
those who borrowed, 61 per cent V7ere small farmers, 30 per cent 
medium farmers and 9 per cent large farmers. Of the total amount 
borrowed, only 15 per cent was by small farmers, 23 per cent by 
medium farmers and 6 2 per cent by large farmers. Much of these 
borrowings of the small and medium farmers was utilised for 
crop production, while the large farmers used the credit for 
the purchase of livestock and tractors and also to meet culti- 
vation costs. cooperatives advanced 40 per cent of this amount 
while the commercial banks 45 per cent, money lenders 4 per cent, 
friends and relatives 5 per cent and others 6 per cent. 

Forty seven farmers expressed their desire for finance for 
sinking wells, purchasing livestock and bullock carts and 
for cultivation. Of these, 31 are small farmers, 15 are medium 
and one is a large farmer. 


Measures Proposed to improve the System 

Based on the findings arrived from the engineering survey, 

computations made and the measurements recorded, as well as from 

the socio-economic studies conducted, the following measures are 

proposed to be implemented to the tank irrigation system. 

Watershed 

1. Treat the watershed with tree planting to minimise soil erosion 

2. Make improvements in the syphon and feeder channel to increase 
the water inflow from the intercepted watershed. 

Tank Bed 

3. Protect the foreshore agricultural lands with appropriate soil 
conservation measures to prevent silt accretion in the tank. 

4. Eradicate the v/eeds (cyperus spp) , to minimise evapo-transpi- 
ration loss. 


Tank Bund 

5. Strengthen and widen the earthen tank bund ade^ately^for use 
as a cart track as well and stone pitch uhe water fac 
bund, in order to prevent seepage loss. 
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Appurtenant Structure 

6. Repair or reconstruct the irrigation sluices to permit the 
discharge required and replace the regulation arrangements 
for effective water control. 

7. Provide an additional sluice north of the present sluice 
No. 1 to irrigate the lands which are at present not irri— 
able from any of the' existing sluices. . 

8. Ease the meanders in the alignment and removal of silt/ weeds 
and shrub growth from the main irrigation channels and re- 
shape the channels to hydraulically efficient cross-sections / 
to prevent seepage loss and to improve the discharge. 

9. Lining of the longest main channel from sluice No. 2/ which 
carries water to the tail-end reach, so as to prevent seepage 
loss and to improve the discharge. 


The Public Works Department (irrigation wing) which is in charge 
of this irrigation tank has prepared detailed plans and cost 
estimates for executing the above works as per the suggestions 
made by this Centre. The execution v/ill be commenced shortly. 

The State Government vjill meet the entire cost of these works. 

command Area (On farm development works) 

10. Divide the command area under each sluice into convenient 
blocks of about 10 hectares each, provide laterals and field 
channels including construction of turn outs, junction boxes, 
and lined channels, to facilitate conveyance of water to each 
lend holding with the least v7ater loss. 

11. undertake land shaping and smoothening of the fields to the 

extent necessary. • 

12. Provide drainage channels wherever needed to dispose the 
excess water. 

These on farm development works will be executed by the State 
Agricultural Engineering Departmicnt for which plans and cost 
estimates are under preparation by that department in collabora- 
tion with this Centre. The cost of these improvements will be 
initially borne by the Government and recovered from the bene- 
ficiaries in easy instalments. 

Far m ers*’ Irrigation comm.ittee 

An irrigation committee comprising of the farmers from the three 
reaches of the command area has been organised. They meet 
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whenever needed to consider the improvements proposed and offer 
suggestions for modifications if any. This committee will also 
prepare a rotationaJ. system of water distribution for ensuring 
ec^itable distribution of water to all the reaches, with the 
technical guidance provided by this Centre and operate the system 
through water guides. 

Other Supporting Measures 

Agricultural extension work will- be intensified in this area by 
enlisting the help of the staff of the State Agricultural Depart- 
ment, who will advise the farmers in modifying the cropping 
pattern and implementing improved agricultural practices* 

Pish culture v/ill be introduced in the tank with the help of the 
State Fisheries Department to provide for supplemental income. 


Further Work Contemplated 


continuous monitoring of the changes that take place in the 
tank irrigation system including cropping pattern, water distri- 
bution and management as well as crop yields will be carried out 
and recorded to make mid-term modifications if needed. The 
performance of this irrigation system will be evaluated as 
suggested by Bhuiyan (2) in terms of its water use efficiency 
(IaJUE) estimated by the equation ; 


mE 


ET + S&P 
Ir 4- Rn 


where 


ET is the evapotranspirat ion requirement of the crop 
S&P is the seepage and percolation rate 
Ir is the water supply from irrigation and 
Rn is the effective rainfall. 


This evaluation will be made for each reach and for each season. 

Another socio-economic survey after carrying out the improvement 
proposed will be made, in order to evaluate the benefits as welly 
as the difficulties experienced and to assess the impact of the 
improvements. 

Policy guide lines for modernisation of .other tank irrigation 
system will be prepared, based on the experience gained. 
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ENSURING EQUITY IN IRRIGATION SYSTEMS s A Case Study 
of a Farmer Group Managed System 

"V? ■JU 

R,K. Patil and D,N. Kulkami 

The concept of ecj-tity, howsoever defined, is likely to be subjective. 
The dictionary meaning of equity is given as the quality of being 
equal or fair. But 'equal or fair' , with reference to what? 

Persons or resources already commanded by certain segments of popu- 
lation? Is it equity among all the villagers or members of groups, 
peer or otherwise? The concept gets the meaning in the socio-econo- 
mic milieu of the society with its values, beliefs, traditions, 
precedents and established principles of social behaviour. 

2. In respect of the allocation of water resources for agricultural 
developm^ent , the concept of equity has a wide range of meanings. 

At one extreme, we have the concept of 'water rationing' whereby 
the available v/ater resources are allocated on the basis of farming 
population. Thus in the experiments conducted by Gram Gaurav 
Pratistan in Pune district the scarce waters are allocated on the 
basis of half an acre per person in the family, irrespective of the 
size of the holdings of the family. One of the conditions on the 
members joining the lift irrigation schemes sponsored by the Prati- 
stan is that they will not irrigate more than half an acre per 
family member. This is one way of ensuring complete equity in water 
distribution. However, this principle cannot be operated in surface 
irrigation schemes. In major and medium irrigation schemes, the 
operating unit is the area under command and not the families . 

Equity has to be with reference to areas, though through admini- 
strative action, cropping pattern can be enforced to meet the equity 
standards among the families, 

3. At the other extreme, vie have situations where the water resources 
are not cniite scarce and/or where there is no demand for all the aval- 
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lable waters. In such cases waters could be allocated to all 
the areas under command, irrespective of the size of holdings. 
Within this area, equity needs to be defined with reference to 
crops, soil conditions and capability of the farmers in making 
good use of the available waters. The innovation of the 'block 
system' whereby waters are granted to a defined area for a period 
of 6 to 12 years, irrespective of what happens to other areas, 
can also be considered as a fair and equitable distribution. 

Thus, in a difficult water year, the commitments to the blocks 
would have to be met first, before releasing waters to other 
parts of the command. Ttiis has to be considered equitable, as 
there would be some annual crops like sugarcane that may be 
standing and they need to be protected. Even though the denial 
of waters to other areas for raising foodgrains would be con- 
sidered iniquitous, prior commitments lend fairness to this 
practice. 

4. A third meaning of equity could be equal water allocation to 
topenders and tailenders. V'Jithin a given chak, it may mean, 
all the owners of holdings, get equal amount of water. Equity 
can also be said to be satisfied if owners of large holdings are 
discriminated in favour of small holders. Whatever the meaning, 
each nuance has technical consecpaences in respect of discharge 
capacity, lining, water measurement devices, and water distri- 
bution methods . 

5. Essentially the concept of equity in the context of irrigation 
is a dynamic one and is related to geographical accessibility 
(topography) , dependability of water resources over a long period, 
land ownership and size of holdings, availability and viability 
of alternative crops, costs of bringing waters and who bears 
them and the social and economic status of the existing or would 
be beneficiaries in the given enviirons. 

6. Though not explicitly stated, the equity principle or its 
absence gets embedded in the design and construction stage of the 
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projects. The deterinination of command area/ the 
likely crop pattern, irrigation intensities, etc., among them- 
selves influence the decisions as to who will get water in 
what seasons and for what crops. These would be further 
amended by legislative and administrative actions. Further, 
the experience has shown that there is a wide gap in what was 
planned and what has happened. Thus, the Deccan Irrigation 
works planned in the late 19th century, aimed at providing 
waters to an extensive area for crops requiring less water. The 
underlying principle was that in a drought-prone area- as many 
farms as are technically possible should get the waters. However, 
the experience showed that the waters were not utilised fully and 
intensive development on a restricted area based on sugarcane 
resulted. To this extent the equity principle also got modified. 
Later, the problem was within this restricted area who should get 
water, for what crop and when. 

7. Irrigation researchers are now actively engaged in devising 
social and technical mechanisms to ensure equity in water allo- 
cation consistent with other objectives such as productivity, 
stability and reliability. The advocacy of Warabandi, rotational 
water distribution system, etc., is a case in point. In this 
context, it would be of interest to analyse how equity was 
ensured in the old, traditional irrigation works, managed entirely 
by the beneficiaries themselves. 

8. Before the advent of modern irrigation works, there was a 
tradition of building bandharas/weirs on small rivers, rivulets 
and diverting waters to benefit the nearby agricultural lands. 

The works v/ere constiructed, operated and m.aintained collectively 
without any Government support. However, the use of . water and 
agricultural operations were done on an individual basis. This 
system is even now prevalent in the western side of Maharashtra, 
especially in Dhule, Nasik and Ratnagiri districts in selected 
locations. Similar communal efforts are noticed in Goa also, 
where large blocks of rice fields are irrigated through a common 
source of waters, collectively developed. 


9. In this paper, we propose to examine such a system based in 
Panzra river basin of Dhule district and analyse how fair water 
allocation was guaranteed through social organisations and 
technical devices, as were obtained in old times. 

Brief Description of the System 

10. The Panzra river originates in Sahydri ranges and after 
running from west to east for about 88 kms, takes a sharp turn 
north and after flowing for another 30 kmsi meets Tapi river at 
Thalner. The valley being open and level > the river flows in 
shallow beds blocked here and thebe by rocky ledges, of much use 
in making necessary weirs. The steep gradient of the river com- 
bined with the flatness or very gentle cross slopes of the valley 
help to command large acreage rather easily. 

11. There are about 40 bandharas (weirs) on the river commanding 
an area of about 5000 acres. The Gazetteer of Bombay Presidency 
(1880) notes that 'tradition attributes the constructing of bandha- 
ras to the Musalman rulers and it is probable that many of them 
date from the time to later Faruqui Kings (1370-1600 A.D,)' , 

12. The river has a perennial post-monsoon flow. The Gazetteer 
observes that river is never known to fail between June and 
February and that supplies were in excess of demand. However, 
the situation has changed over the last 50/60 years. 

13. Every bandhara has its own Panchas (Committee Members) and 
Patil (Village Headman) and this Committee looks after the day- 
to-day affairs. The whole command is divided into Phads (blocks), 
size of which ranged from 20 acres to 100 acres depending on the 
topography. In exceptional cases, phads of the size below 6 
acres are also to be found. It appears that in the early days, 
every family has some holding in all the pha^. But of late, 

due to divisions in the family property, only a few beneficiarie.^ 
have holdings in all the phads . 
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14. Only one crop would be grown in one phad. Which crops would 
be planted in the designated phads is decided in an open assembly 
of the beneficiaries well in advance of the season. The area 
near the outlet would be irrigated first and then the next one 
till the tail-end field is reached. This is unlike the Shejpali 
System now prevalent in maj or irrigation systems in Maharashtra. 

15. After the monsoon season is over, the Panchas prepare a time 
table for water distribution, which is strictly adhered to. The 
rotational series forms the part of land revenue record. Those 
who infringe the discipline are fined by the Panchas. In case, 
enough post-monsoon flow is not available, broad guidelines are 
laid down as how to ration the waters. 

16 . The canal system is maintained by the Panchas for which they 
are authorised to commandeer the necessary bullock and manpower 
from the beneficiaries. Those who did not or could not contri- 
bute were to pay the equivalent money to the Committee. 

17. The rules also provide that the application of water to the 
field is the responsibility of Patkaris (Watermen) and so farmer 
would interfere in the process. If the latter has any complaints, 
he has to report to Panchas. The watermen, inspectors and the 
watchmen (who are responsible for crop protection) are appointed 
by the Panchas for the whole command and their remuneration is 
fixed in kind to be paid by the individual beneficiary at the 
time of hairvesting. 

18. It would be seen that the management committees of bandharas 
are in effect a replica of Irrigation Associations that are now 
talked about for irrigation development. Their staff is paid in 
kind, as per the jajmani system. 

19. With this ba cleg round and also the scanty data that are availa- 
ble on the functioning of these groups, let us see how the equity 
principle in reality operated and the farmers' responses. For 
purposes of analysis, it would be useful to distinguish eguity of 
water distribution as among the groups and within the groups. 
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20. As there was no reservoir/ bandharas were fed by natural 
flow or regenerated flow arising from irrigated area upstream. 

(This situation has changed since early 1970' s, when State 
Government built a medium irrigation dam, upstream of all the 
bandharas) . In view of this/ downstream bandharas were dependent 
on the relative water use upstream/ for their water supplies. 

As a result the elaborate water distribution system (for brevity 
referred as Phad system) and the control of Panchas on water 
distribution was quite weak/ on the downstream bandharas. 

21. Inquiries with the present generation irrigation on Kheda 
bandhara (which marks the watershed from where river water 
supplies become uncertain) revealed that to their memory Phad system 
as prevalent on the upper reaches never obtained in their command. 
Water management was done by a Committee of six, consisting of 
Police Patil (village official looking after law and order) / 

Mulki Patil (village revenue and civil official) , Talati (revenue 
record keeper) / Havaldar (supervisor of bandhara and canal system) 
and two Fatkaris (watermen) . Though there was no control on crops 
grown/ this committee ensured equitable distribution of water 
within the command and resolved the conflicts backed by the power 
and influence they commanded as a result of their government 
positions. It is worth noting that the supervisor was paid Rs. 22 
per year by the Government in Revenue Department. Additionally/ 
he and the two watermen were paid in kind by the beneficiaries. 

This system collapsed by 1964, with the abolition of the posts of 
mulki patil and the supervisor. Since then, in the command of 
this bandhara and those down belov7, might generally prevails. 
Attempts to organise committees on voluntary efforts have evoked 
a weak response. The problem was further compounded in the late 
sixties when the State Government declared all these bandharas 
as first class works and transferred the management to Irrigation 
Department. This, in itself, should not have made a big difference. 
But the paucity of funds to maintain the works and the lack of 
training to the management staff at the lowest level (where it 
really matters) have led to a stalemate. 


22. From an analytical point of view, this behaviour confirms 

a 'working hypothesis' very perceptively put forward by Dr. Wade 
(Journal of Development Studies, January 1982). According to 
him, "water users' associations are unlikely to be sustained 
(though their initiation by Government is easy) unless many 
farmers beneath the outlet experience some degree of water 
stress. If water supplies are abundant in relation to crop 
water recfuirement, there will be no need for concerted action. 

If on the other hand water supplies are precarious, concerted 
action may be too difficult and cultivators may reduce the area 
irrigated or switch to less water consumptive crops. To put a 
number on it, one might suggest that water users' associations 
will be sustained only where (as a necessary, but not sufficient 
condition) relative water supply (the ratio of actual water 
supply at the outlet to crop water requirement) is between 1.2 
and 1.5". 

23. With precarious water supply and the slow demise of the 
organisational structure (helped by uncertain water supply) 
equity principle on these bandharas has been given a go-by. The 
influential parties in the village utilise the available waters 
to their best advantage and there is no mechanism to punish the 
erring irrigator. The junior engineer assisted by ill-trained 
staff can do very little, especially when his area of jurisdiction 
is too large for the staff over which he presides. 

24. One more aspect of inter— group equity and the likely conflicts 
that may arise is seen in the bandharas in the upper reaches 
where the Phad system operates. In quite a few cases, the idle 
length of the canal from bandhara to the command is about 3 i-o 

6 kms . There are small blocks which can be commanded by the 
canal in its idle length. In the past, there were occasions 
when water was diverted unauthorisedly . It is found that in such 
cases, on an amicable basis, one day in a week has been allotted 
to such villages for waters in the canal (example Raiwat bandhara) . 
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This is a situation where equity principle was accepted in 
favour of fanners in the upper reaches because of the topography. 

/ equity was enforced by the threat of the potential 
damage that can be done by the upstream fanners . 

Intra-Group Problems 

25. To ensure equity within the groups/, two organisational 
mechanisms were devised. Depending on their flow/ the command 
area was demarcated. But then the available waters may not be 
sufficient to irrigate the v/hole command. Hence the command was 
divided into kayam baqait (permanent irrigation) and temporary 
baqait (area which can be given waters, if available) . The 
temporary baqait is always to be found at the tail-end. No 
sugarcane was allowed in temporary baqait . Sugarcane was rotated 
among the Phads in kayam baqait only. This device though in a 
way, iniquitous to the tail-enders helped to maintain the system 
and reduce conveyance losses. If in any year, excess waters were 
available they were diverted to temporary baqait . Through this 
device, conflict with the tail-enders was avoided. 

26. Within the group, the question arises, who should get how 
much of water and when. The vrater allocation system evolved 
over the centuries and even now followed has solved this problem 
without much of a strain. As the different crops have different 
water requirements, early in the beginning of the monsoon season, 
an assembly of the beneficiaries specially called decides on the 
crops to be taken in the phads (blocks) . In general, sugarcane 
is rotated among the phads , other rotational crops being rice 
followed by wheat, or jowar followed by wheat. Sometimes ground- 
nut or fodder crops are taken. But vegetables or horticultural 
crops are not taken. Once the cropping pattern is decided, v^aters 
are applied by the patkari (watermen) to the fields. No farmer 

is allowed to water the fields. If there is any complaint, it 
has to be reported to the Panchas. Besides, the roster of farms 
to be irrigated in serial order has already been laid down and 
has attained a sanctity, being a part of the revenue record. No 


out-of— turn application is allowed without the specific sanction 
of the Panchas. This system ensures that all the fields get 
equitable water supply. Anybody infringing the rules which are 
known to all the concerned can be fined. Till today such fines 
have been imposed (less than one per cent cases) and paid by the 
erring farmers. 

27. It would be seen that this system allocates the water equit- 
ably among the area. If there is shortage of water in any season, 
all the command is equally affected. This happens by lengthening 
the rotation period for every farm. 

28. Another way of ensuring the equitable supply is to have a 
canal with a constant discharge capacity from head to tail. This 
facilitates quick application of water and helps to reduce the 
rotational period. (With the building of reservoir, the bandhara 
farmers are feeling an induced water scarcity) . 

29. This brief review of the functioning of the traditional 
farmers' organisations shows how within the technology known to 
them, and the given social environment, some equity was ensured 
among the participating farmers by ingenuous organisational devices 
It also confirms the hypothesis of Dr. Wade. Though no water 
measurement is done anywhere on the river, it is known that the 
well functioning committees above the Kheda bandhara have 
sufficient water supplies to irrigate the kayam baqait area, in 
normal years. Whether this system would be extinct under the new 
water regime is difficult to predict. 

P ro du ct iv i ty 

30. In the Panzra irrigation system, the institutional framework 
and organisational devices did not pay much attention to the 
concept of productivity as we now understand it. Application of 
water was considered ipso facto , a major contributoiry factor in 
raising production. More the water, better are the yields. Per-*- 
haps this was true in oldern days when there were no fertilisers. 
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high yielding varieties, pest control methods, etc. Of course 
the farmers knew from their own experiences and the traditional 
knowledge handed over from one generation to another, the broad 
water needs at various stages of crop growth. But then they 
did not know how to measure water, better water saving methods 
of applications, yield responses to water use and so on. 

31. Further, a collective need to attack these problems was not 
felt as the cultivation practices were left to individual farmers. 
If there were differential yields, they were attributed to varia~ 
tions in crop husbandry practices and not to the water use methods. 

32. The absence of any research and extension agencies in the 
area perpetuated the stagnancy in this kind of activity. Statis- 
tical data on yields of different crops in the command are 
virtually absent. However, discussions with prominent farmers 
indicate that the sugarcane (an important crop in the area) yields 
are declining. There is however, unanimity among them on the fact 
that cane yields in the command are much lower (by 40 per cent or 
so) than those of cane irrigated with well water. They attribute 
the low yields in the command area to the water scarcity at the 
bandhara per unit area of sugarcane. 

33. Irrigation and agricultural experts who have visited the area 
feel that the fall in yields could be stopped by avoiding wasteful 
methods of water applications. If the watermen are trained in 
new methods and some small investments are made in reconditioning 
the water delivery system within the command, higher yields can be 
had with the same amount of water. In any case such programmes 
can be implemented only with the cooperation of the farmers. At 
the present stage when there is a feeling of distrust among the 
farmers about the intentions of Government, no action is likely 

to be successful, unless they visually see the results. 

34. The group management system, evolved over the centuries was 
mainly directed to ensure fairness among the members of group and 
thereby impart stability to the groups. Productivity of water 
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vj'as not their main concern as it was implicitly assumed that 
it was the main objective which the groups served through ela- 
borately devised management and organisational techniques. 

35, It is submitted that this case study may help to formulate 
guidelines for fostering irrigation association on major irri- 
gation projects/ by appropriately modifying the system to suit 
modern technological developments. Panzra experience suggests 
that reliability and stability of water at the farm gate, is 
the key to smooth operation of irrigation association. Equity 
and productivity can be operated only within these constraints. 
It is, in principle, possible to operate the system equitably 
without farmers' participation. But then, it would be costly. 
Further, as a typical bureaucratic structure vests significant 
powers on the lower level staff, it is likely to be open to 
abuses. Irrigation groups, whose members know each other inti- 
mately are in a better position to discipline the erring member, 
once the general framework of operational procedures is known to 
the beneficiaries in advance and that they know that it is 
equitable, based on predictable water supply. 
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ELAMING At-g) IMPLES^ENTATION OF MEA SURES TO ENSURE 
PRODU^^IY AMD EQUITFuMER IRKI'GATION SYSTWsT 

SYED HASHIM ALI 

Experience base 

This is an Administrator’s paper, -who has been associated with 
the problems of Irrigation Utilisation for nearly eleven years 
in different senior level capacities such as Commissioner of a 
project dealing with Irrigation and Command Area Development 
(CAD), Secretary for the Ministry of CAD and Irrigation 
Utilisation and lastly as Chairman, Commission for Irrigation 
Utilisation. The areas studied are major command areas covered 
by the four Command Area Development Authorities in Andhra 
Pradesh which deal with six Canal systems on Godavari, Krishna 
and Tungabhadra rivers, five more systems in Andhra Pradesh and 
some more canal systems in Maharashtra, Gujarat, Punjab, 

Haryana and U.P. States. 

Actual experience in improving irrigation water management to 
ensure productivity and equity covers a period of five years 
beginning from 1978-79 when the writer was responsible for all 
policy level and administrative decisions as the Secretary and 
Commissioner for Command Area Development in the State of Andhra 
Pradesh, India. 

The Place of productivity and equity in planning and design of 
irrigation systems ; 

Before proceeding further some observations on the irrigation 
systems may be necessary. At the stage of planning and 
designing of projects’^ the planning and design group of engineers 


"^Based on the evidence gathered as Chairman, Commission for 
Irrigation Utilisation. 
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do not generally use the terms "Equity" and "Productivity" in 
their project reports. The project reports are prepared by 
adopting an irrigation and cropping pattern which can bring 
about a favourable Benefit Cost Ratio, to make the project 
acceptable for the initial sanction. The final expenditure on 
the project, the area actually irrigated and the cropping pattern 
adopted by the farmers has generally no relationship with the 
original projections. It may however be said that between the 
projects designed in North and South India there is one funda- 
mental difference. The North Indian projects visited by me were 
either projects originally designed as anti- famine measures or 
protective projects with a water allowance so low (2.4 to 3.5 
cusecs per 1000 acres) that if the water is used for productive 
irrigation, it will suffice for less than l/3rd of the cultivable 
command area. Fortunately in Punjab and Haryana, the tremendous 
reservoir of ground v/ater has resulted in conjunctive use of 
surface and ground water not originally planned at the design 
stage of the projiect. In fact, in some areas the major share 
of irrigation is actually being done by Tube Wells and supplemen- 
ted by surface irrigation although for official purposes, the 
tube well is augmenting the surface flows. 

The Canal design therefore was originally meant to distribute the 
available water over as large an area as possible to provide 
protective irrigation to rainfed agriculture. It may therefore 
be said that these canal systems were designed for equity though 
this expression is not generally used in the Project Reports. 

Such a system reqiiires dedicated canal operation and proper 
allocation of water to farmers without which the top.enders .in 
th,e canal and the top enders under each outlet tend to utilise 
all available water for themselves. These canals originally 
designed for continuous flow had a minimum number of control 
structures which made them rather unsuitable for intensive 
management of the canS4'» Rotation among the dlstribut cries had 
to be resorted to when shortages were felt for various reasons 
such as design assumptions, lack of maintenance, etc. Introduc- 
tion of Warabandi Was therefore necessary both for the reason 
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of shortages -which needed rationing and also for equitable 
distribution of the rationed commodity. 

In South India} -where the system of localisation' is followed, 
the localised area is assured the desired amount, of water for 
the designed cropping pattern. Questioned on the basis on 
which the projects are planned in Andhra Pradesh, the Chief 
Engineer, In-vestigation and Planning stated that projects are 
being planned in A.P. ''as productive projects yielding suitable 
returns as judged by benefit-cost ratio worked for each scheme. 
They are planned for optimum yields of crops with supply of water 
as required for plant gro-wth. There are no protective projects". 
There is however ample evidence to show that on account of low 
ass-umptions for water requirements of crops, seepage and system 
losses, etc., the projects designed for productive irrigation 
are incapable of irrigating the localised command area -within 
the prescribed water allocation which formed the basis of the 
design. As such large tail end areas do not get adequate water 
to ensure productivity. In projects where the projected command 
area is being irrigated, the total water used is much higher than 
the original assumptions. Thus, in effect, both the North and 
South Indian projects end up with problems of water shortage at 
the tail-end and abundance at the top. The operation staff 
which is now being made to operate the canal systems in such a 
manner so as to ensure reliability, equity and economy in Use 
of water, have to operate systems which were not originally 
designed for this purpose. 

In North Indian systems the quantity of water is so small that 
the question of using the v;ater for the entire culturable command 
area for productivity is out of question. The farmer has to 
irrigate a portion of his entire holding if he has to depend 
only on canal waters. Equity in distribution has also not been 
possible because of the absence of control structures which were 
avoided in original design and are now needed if water has to be 
distributed equitably. 
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It is therefore possible that the top-enders may get 4 or 5 
irrigations in a season while the tail-enders have to be content 
with one irrigation if they receive water at all. In the South 
Indian systems also with the traditional practice of paddy 
cultivation, projects continued to be designed for continuous 
flow with minimum controls even when 2/3rds of the area was 
localised for I.D. crops. The phasing of the project also helped 
the top-enders to get larger quantities of water while tail-end 
canal systems were not completed for several years together. 

As such, the top-enders got used to surfeit of water in the 
initial stages of the project and when the canal systems were 
extended to the tail-end areas, there was hardly any water in 
the canals. A change over to rotational distribution of water 
was strongly resented by the top-enders. The absence of enough 
control structures and the long neglect in maintenance because 
of thoroughly inadequate maintenance grants, resulted in systems 
becoming inoperable and function only when a much higher quantity 
of water was allowed to flow. 

It may thus be seen that projects not originally designed for 
equity and productivity when operated to achieve these objectives 
will necessarily face many problems. 

Organised work for Irrigation Water Management of recent origi n 

Irrigation development consists of two distinct phases. The 
engineering phase in which the infrastructure consisting of the 
dam and the conveyance system is constructed. This is followed 
by the utilisation phase requiring complex multi-disciplinary 
action for the distribution and allocation of water, land 
development, agricultural extension, supply: of credit, etc. 


^SYED HASHIM ALU Water Scarcity and the Role _ of Operation and 
Maintenance Administration and Farmers’ Organisation. (Seminar 
at Varanasi, July 1981) • 


Irrigation utilisation may again be sub-divided into two phases. 
The intensive development or C.A.D. phase and the agricultural 
production or maintenance phase which lasts as long as the 
irrigation supply lasts. 

The C.A.D, era began in 1974 when the Government took a policy 
decision that organised multi-disciplinary work is necessary 
after the construction phase is over. Command Area Development 
Authorities were created in some projects and for the first time 
Government of the State were involved in a work which was 
previously considered to be an automatic consequence of the 
completion of the engineering phase and was left entirely to the 
farmers. 

Even after the creation of Command Area Development Authorities 
the identification of the real problems took several years. 
Presuming that the canal systems were functioning according to 
their planned objectives the early emphasis in CADAs was on land 
development. Farmer reluctance to develop lands in anticipation 
of water resulted in the land development programme getting 
slowed down. Another factor for this slow progress was that 
field channels were considered a part of on farm development and 
were a charge on the farmer. Credit had therefore, to be provided 
to all farmers within an outlet command (Chak) at the same time. 
This created many problems as all farmers were not eligible tb. 
get bank loans for various reasons. . Thus the very process of 
creating a command area was delayed because water could not be 
delivered to each farmer. The Government had to take a decision 
to construct field channels to each survey number (G.O.Ms.No. 66, 
CAD Department, dated 23-9~l978) and then to each holding (G.O. 
Ms. No. 33, CAD Department, dated 29-4-81) at the cost of the 
project. This momentous decision was the long over due step and 
enabled creation of a real command area by making a conveyance 
system, enabling water to reach each holding. The deficiencies 
in the main system however were discovered when an organised 
attempt was made to deliver water at each holding. Tail ends 
of each canal had inadequate and no water supply. The Government 


of A.P. had to take several measures to remedy the situation. 
This paper narrates them very briefly. 

Measures taken in Andhra Pradesh 

The CAD Department in A.P. was the only separate Secretariat 
Department dealing with CAD and Irrigation management work. The 
new Secretariat Department or Ministry was created in August 
1974 but in spite of many efforts it has not been possible so 
far either to appoint a separate Chief Engineer for Irrigation 
Water Management or to get the Operation and Maintenance staff 
transferred to the new Ministry. As such, the most important 
and difficult function of irrigation water management still 
remains outside the pale of this department and has resulted in 
problems of co-ordination, and inadequate implementation of 
orders issued on Water Management by this Ministry. 

The Water Management work when taken up by C.A.D. was however 
done by the engineering staff of the Irrigation Department 
deputed to the CADAs for systematic land development work and 
the agricultiaral extension staff wrking in the CADAs. 

The first step towards water management was taken when in 1978 
it was decided to take up Warabandi or Rotational Water Supply 
among farmers below the outlet at the rate of two minor canals 
in each canal system in the four CADAs or twelve in all. In 
the pre-Warabandi survey done by the CADAs it was found that 
none of the selected minors were capable of delivering the 
design discharge at every outlet. Maintenance and repairs or 
improvements to these needed an average amount of Rs.10,000/— 
per minor canal. Such repairs and improvements were taken up 
only in one project and there was not much response in other 
projects. Thus, only two minors out of the twelve selected 
could really implement Warabandi. This number was increased to 
112 in the next year and 350 in the third. 

In the year 1981—82 it was clear from pasc experience that 
taking up minor canals for Warabandi was not practtcable as the 
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tail-end outlets do not receive reliable and adequate water 
supply, without which Warabandi is not possible. The C.A.D. 
Department therefore selected top-end outlets in minors to be 
taKen up for Warabandi. As such the figures given below do 
not include the number of minors as no minor could ■ be taken up 
in full for the implementation of Warabandi. The figures of 
targets and achievements are given below: For the year 1982-83 
the area to be covered is shown, the number of outlets is not 
yet available. 


1978- 79 

1979- 80 

1980- 81 
1981-82 

1982-83 


Target 

(Cumulative) 


Achievement 

(Cumulative) 


12 minors 
112 minors 
350 minors 
3200 outlets 
80,000 hectares 
1,20,000 hectares 


2 minors 240 Ha. 
105 minors 
339 minors 
2968 outlets 
64,264 hectares 
Not yet available. 


The deficiencies in the main canal systems which had become 
visible to the CADAs even in 1978-79 when they took first step 
towards water management were not fully accepted by the 
irrigation staff. 

As there is no system of monitoring the canal performance to 
find out whether a canal system is actually functioning according 
to its original objectives, all the work relating to water 
management had to be started without sufficient data. The 
Irrigation staff either did not know the deficiencies in the 
system or did not take their superiors the Government in the 
CADA into confidence about the shortcomings in the system. 

Awfully inadequate maintenance grant which amounted to a little 
more than Rs.1-00 per acre after deducting establishment cost 
further aggravated whatever system deficiencies originally 
existed. But whenever the question of inadequacies, unreliabi- 
lity and inequity of water distribution was discussed in the 
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the Minister and the Secretary, CAD respectively, any inadequ- 
acies in the system were stoutly denied and the CADA had to 
waste time in trying to collect the information and prove the 
point. This resulted in an unnecessary and avoidable confront- 
ation and loss of valuable time in rectification of defects.^ 

Introduction of Warabandi brought out the point that no minor 
was capable of delivering the design discharge at every outlet. 
Experience in the first two years also showed that the distri- 
butories from which these minor canals took off were themselves 
deficient and as such the Government in CAD Department had to 
issue another order for Integrated Water Management in the main 
canal system and below the outlet. This order consisted of the 
following ingredients: 

1) One of the main reasons for the gap between potential and 
utilisation is the inequitable distribution of water because 
of unauthorised and over-irrigation by top-enders. 

2) Operation of the main canal system without incurring high 
capital expenditure needs to be given due attention. 

3) The Irrigation management policy should aim at enabling all 
farmers in the command area to get water within the existing 
limitations of supplies and structural facilities available, 

4) Canal Operation above the outlet and water management below 
the outlet is an integrated process. 

5) Each distributory should be taken as a unit and by suitable 
regulation of supplies into the minors or direct pipes to 
push water to the lower reaches and make the shortages 
equally shared by all and any undue advantage or disadvantage 
on account of location of holdings is eliminated. 


^SYED HASHIM ALIs Practical Experiences of Irrigation Reform 
(1980) Discussion Paper, Institute of Development Studies, 
University of Sussex and also Water Supply and Management Vol.V, 
London. 
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To achieve the above objectives, the Government Order made the 
Chief Engineer responsible for : 

1) Repairs and improvements ; taking up minor repairs, 
desilting, provision of shutters, etc. for pushing the water 
to the tail-end offtakes. 

2) Systematic Canal Operation ; If the Major s/Minors are found 
totally incapable of operation the required improvements and 
structures should be taken up from the 0. & M, budget. 

Division of the entire length of distributory into convenient 
zones. The supplies to each zone to be cut of for a certain 
prescribed time in the week. 

3) The operation of this closure may be generally in a sequence 
from head to tail of the distributory/major. 

4) The aggregate capacity of the minors and direct pipes to be 
closed in each zone should be related to the shortage in the 
distributory and the carrying capacity of the lower zones. 

5) Warabandi ; After having ensured a reliable discharge at 
every outlet, it was decided to take up Warabandi or Rotati- 
onal Water Supply among the farmers below the pipe outlet 
for equitable distribution of the available water supply. 

6) staff ; Any staff required by Operation and Maintenance 
Division may be supplemented from the engineering units of 
the CADA. The Agricultural Extension staff of the CADA 
should be fully involved in educating the farmers. This 
work was also taken up in 7 canal system in 105 distributo- 
ries covering an area of 80,000 acres. 

The Chief Engineers and the CADAs were expected to work in close 
cooperation and were asked to report about the problems in 
implementation after the season is over. No reports were received 
from the Chief Engineers about the problems in implementation. 
Reports about 32 distributories monitored by the four CADAs 
showed some successes and failures. But this work was done by 
the Engineering staff of the CADAs mthout much help from the 
Operation and Maintenance staff, who had really to implement 
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this G.O. Later, as Chairman of the Commission for Irrigation 
Utilisation I had occasion to examine and record the evidence 
of the concerned Chief Engineers, Superintending Engineers, 
Executive Engineers and Assistant Engineers of the concerned 
CADAs. It was clear from the evidence that no one had really 
applied his mind to this work and the level of implementation 
in the Irrigation Department was of a low order. One reason for 
this could be that the 0 & M engineers who were administratively 
under the Irrigation Department did not really consider it 
their duty to implement a G.O. issued by another department 
which was responsible for irrigation utilisation. 

The targets and achievements in Systematic Canal operation in 
compliance with the Government order on Integrated Water Manage- 
ment are as follows; 



Area to be 
covered in 
hectares. 

Majors/Di stri- 
butories taken 
up for S.C.O. 

Actual No. Addl. 

in which area 

implement- brought 

at ion was under 

reported irrigation 

1980-81 

78,380 

105 

105 Only 12 

monitored 

1981-82 

2,72,974 

196 

185 24,671 

hectares or 
12%.* 

1982-83 

4, 18,000 

Not yet 
reported. 

Not yet 
reported. 


^Estimates based on majors monitored. 


Systematic Canal Operation over the last three years has shown 
that it is possible to irrigate larger areas towards the tail 
ends by curbing over-irrigation by top enders. The level of 
success in different CADAs was different depending on the 
intensity of coordination between CADA and Operation and 
Maintenance staff, the level of understanding of the deficiencies 
and behaviour of the system by the 0 & M staff, the craving for 
water by tail-end farmers specially in drought prone areas, the 
length of time for which water was denied to them and above all, 
to the level of dedication of the administrative and technical 
staff to the ideal of Integrated Water Management. 

The administrative arrangements for coordination, motivation and 
education of farmers and implementation and monitoring were 
different in the four CADAs. The emphasis everywhere was to 
deliver water to the tailenders on a reliable basis which is a 
condition precedent to Rotational Water Supply below the outlet.^ 

No detailed research has been done on the effects of Integrated 
Water Management and the only material available is reports by 
Administrators based on which I wrote a paper ^ and a report 
by the Ford Foundation on one Distributory in which the CAD 
Department, Irrigation Department, the Water Technology Centre 
and Ford Foundation had collaborated^ More detailed 

research would be necessary to evaluate the effects of this 
administrative measure. 

Farmers* Organisation 

Another informal administrative measure which has not yet been 
formalised by the issue of a Government Order is the formation 

^SYSD HASHIM ALI; "One Season of Integrated Water Management" 
Seminar Paper, Coimbatore, 1981 . 

^Ibid. 

^Roberto Lenton, Ford Foundation, 1982. 
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of Pipe (Outlet) Committees of farmers under each outlet. The 
first Committee was formed by me after the completion of 
systematic land development under one Pipe outlet on total 
boundary realignment basis in Pormalla village under Srirama- 
sagar project in the year 1975, to organise water distribution 
by themselves. Following this, Pipe Committees have been formed 
under all pipe outlets after the field channels construction 
was over and Warabandi was introduced. The comprehensive 
legislation on Command Area Development however gives them a 
statutory status with well defined functions. (Appendix 4). 

Simplification of procedure for construction of field channels 

One of the main constraints in construction of field channels 
was the lengthy and cumbersome land acquisition procedure. To 
simplify this a section in the CAD legislation enables the 
engineers to construct field channels by a very simplified 
procedure which enable him to enter upon the land and construct 
field channels as if all legal procedures under the Land Acquis- 
ition Act have been complied with (Appendix 5). 

Unfortunately this Ordihance which was promulgated in January 
1982, has lapsed and has to be taken up again. 

It may thus be seen that the Government of Andhra Pradesh has 
taken some basic measures to improve proper distribution of 
water to ensure equity and productivity. These measures are 

1) Construction of field channels at Government cost upto 
each holding (Appendix l). 

2) Simplification of procedure to ensure early construction 
of field channels (Appendix 2). 

3) Siiforcing Integrated Water Management by Systematic Canal 
Operation (Appendix 3) to ensure reliable delivery of 
water at each outlet and by enforcing Warabandi for 
equitable distribution among the farmers. (Appendix 6). 
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4) Formation of Pipe Committees for Water Management and 

Maintenance of the irrigation system below the pipe outlet. 
(Appendix 4) 

Difficulties experienced ; 

The implementation of these measures was a difficult task as all 
these measure were intended for bringing about a change in 
procedures and attitudes and faced resistance at all levels. 

The Irrigation Operation and Maintenance and CAD staff was under 
different Ministries and there were problems of coordination. 

This problem could be tackled by delinking Operation and Mainte- 
nance from construction work and making it a part of the 
agricultural production process by bringing both these functions 
under one Ministry or a single line of command. 

Irrigation systems were found incapable of being properly 
operated. A minimum level of maintenance is necessary to 
introduce water management. The strength of the 0 & M staff was 
found inadequate to take up intensive water management and 
requires strengthening and conversion into a multi-disciplinary 
and specialised organisation. 

There were no Operation and Maintenance Manuals. Every 
distributory behaved differently under intensive management. 
Separate 0 & M Manuals are necessary and have to be corrected and 
improved for two to three years before being finalised. Water 
Management extension among farmers was found deficient and 
requires special attention by the Agricultural extension service 
which in turn needs training. Mere engineering measures will 
not bo effective. Water Management to achieve equity and 
productivity requires involvement and close and continuous^ 
interaction of many disciplines. Legal, political and administra- 
tive backing is necessary in addition to full involvement of 
farmers in the implementation of these measures. 
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Improvements and change in strategy required 

Having spent several years in identifying and solving problems 
connected with irrigation utilisation, it is possible to say now 
that CAD work suffered from certain wrong assumptions from the 
beginning and therefore a lot of time and energy were wasted in 
initiating programmes such as land development, before ensxiring 
delivery of water at the farm. After some years of undivided 
attention on land development, it was realised that field channels 
for delivering water to the farmers are a pre-conditon for 
enabling farmers to take individual or collective action needed 
for v/ater utilisation. The step for Warabandi for egiritable 
distribution of water below the outlet was taken up without first 
ensuring a reliable discharge at the outlets and thus if the 
sequence of action in the CAD programme had been corrected, the 
pace of development would have been much faster. Based on the 
experience in the past, and to ensure a faster pace of develop- 
ment, equity in distribution and increase in productivity, the 
correct sequence may perhaps be as follows 

1) Delivery of a reliable, adequate and timely supply of water 
at the outlet by intensive main system management. 

2) Construction of an appropriate distribution system bringing 
the water to each holding, 

5) Allocation of water to each farmer. 

4) Formation of Pipe Committees to enforce allocation and to 
maintain the system in the Chak. 

5) Water Management Extension to enable the farmer to make use 
of the allocated quantity in the most efficient manner in 
his holding. 

6) Appropriate land development and adoption of the Gorrect 
irrigation techniques for optimising the use of allocated 
water. 
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7) Intensive Agricultural Extension for adoption of irrigated . 
agriculture and providing all the inputs, facilities and 
services such as long term and short term credit, seeds, 
fertilizers, pesticides, storage, marketing and communication 
facilities, etc. 

8) Action research to determine the success or other-wise of 
measures taken for equitable distribution of water and their 
effect on productivity. 

This research would also be indirectly beneficial in . evaluating 
system performance. Ihe data thus made available would be of 
great use in planning and designing future projects which are 
able to achieve equity with productivity, an ideal which is not 
generally achieved in most projects. 


COPY OF 


Appendix 1 

G0VSRM4ENT OF ANDHRA PRADESH 


Abstract 


FIELD CHANNELS - Irrigation projects, Major, Mediim and Minor 
CoTis’truction. of fiold channels af project cost by project 
authorities upto each Survey Number including drops and distribu- 
tion boxes, etc. in on-going and future projects- Consolidated 
orders - Issued. 


Command Area Development (l) Department 

Dated 23rd September 78 
Read the following ;- 


1. G.O.Ms.No.827, P.¥.(lrr-Vl) Dept, dated 13-7-1973. 

2, G.O.Ms.No. 41 , C. A. D. Department , dated 9-6-1977. 

3. G.O.Ms.No. 65, C. A. D. Department, dated 22-8-1977. 

4, From the Chief Engineer, Irrigation & Power Dept, 
letter No. HLC/ I I. SO. 1/46837/77-1 dated 14-9-77. 

5. From the Chief Engineer (Major Irrigation & General) 
letter No. HLC. I 1/4863 7/ 77-1 dated 29-11-1977 

6, From the Chief Engineer (Medium Irrigation) letter 
No. HLC. II/ SO. IV/ 55 465/ 77-9 dated 6-5-1978. 


ORDER 


Field channels play a vital role for achieving speedy 
development of Command areas under Major, Medim and Minor 
Irrigation projects in the State, and it would be expedient to 
execute them along mth other civil works of the projects, such 
as canals and distributories, etc. With this end in view it was 
ordered in the G.O. first read above that in future, the field 
channels under Irrigation projects should be excavated at project 
cost upto 25 (twenty five) acre limit or the last survey number. 
It was also ordered that the Revenue Department should take into 
account the cost of provision of field channels, while next con- 
sidering the proposals for enhancement of the water rates. In 
spite of the above orders, no significant strides have been made 
in regard to development of Command areas as these orders did not 
enable the land holders in each survey number to draw water from 
the Irrigation channels. Besides large gap between creation of 
irrigation potential and actual utilisation there is every need 
to avoid field to field Irrigation for optimum utilisation of 
water and introduction of rotation system (Warabandi) for 
equitable distribution of water. 
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2. In view of the important role played by field channels 
for the accelerated development of commandareas, and in view 
of the need for introduction of rotation system for equitable 
distribution of water, the G.O. s second and third read above 
had pc-en issued as Governments were of the considered view that 
utilisation Irrigation potential is created only when field 
channels are constructed up to each survey number. There has 
however been a slight ambi^ity in regard to the application 
o± the above orders, and different proposals were also received 
from Chief Engineers and others seeking clarifications. To 
remove the ambiguities, the Government have examined the matter 
ana in modification of the orders issued in the G.Os. second 
and third read above, issue the following comprehensive 
orders 

1) The field channels should be constructed including related 
structures such as drops and distribution boxes upto the comman- 
ding point of each Survey No. or 5 Ha limit whichever is less 

in all on-going and turure Major, Medium and Minor Irrigation 
projects in the State. 

2) The cost of construction of field channels indulging 
related structures should be a charge on the project funds and 
included in the revised estimates of the on-going projects and 
in the estimates of all future projects. 

3) Priorities should be accorded to the on-going projects, wh- 
ere the distribution system has already been completed and the 
Irrigation potential created remains unutilised due to lack of 
field channels. 

4) The field channels should be aligned along the ridges or 
contours as the case may be but where the individual holdings 
get sub-divided into small bits on this accout the field 
channels may be constructed along with field boundaries, 

5) The design of the field channels should cater to, the 
requirements of turn system (Warabandi) in the pipe outlet 
Command area (chak). 

6) For proper water management and for implementation of the 
turn system of Irrigation within the canal system and to 
ensure supoly of water to the tail end ayacut it is necessary 
that every" pipe outlet is provided with control arrangements. 

7) The maintenance of field channels_in the chak including^ 
masonry 'works shall not be the responsibility of the Irrigation 
Dopar'fci.ent and they shall be maintained by the farmers themselves. 

8) The effect of bringing the field channels to each Survey 
No. and the pace of development should be reviewed every two 
years, especially in Command Area Development areas where there 
is a full complement of Command Area Development staff. 
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9) The Irrigation Engineers shoixLd intimate the creation of 
potential immediately, after the construction of field channel 
under eech pipe to the District Collectors in all Command areas 
and the Administrators of the concerned Command Area Development 
Authorities in the select Command areas to enable them to take 
up follow-up action for land development. 

10 ) The Government also direct that in the case of the command 
areas vjhere the Command Area Development Authorities have been 
formed and where the land development staff have already 
designed the Irrigation system in the chak, the Irrigation 
Department shall follow the design prepared by the land 
development staff of the Command Area Development Authorities 
to the extent of construction of field channels upto the 
commanding point of each Survey No. Where the field channels 
are being excavated or already excavated by the Command Area 
Development Authorities, the expenditure shall be chargeable 

to the project concerned. 

3. This order issues with the concurrence of Irrigation & 
Power Department - Vide their U.0.No.2606/NSP.I/77-'11 dated 21- 
11-77 and Finance & Planning Department - vide U.O. No,3579/FSP 
dated 25-11-1977. 

(By Order and in the name of the Governor of Andhra Pradesh) 


SYED HASHIM ALI, 

(True Copy) Secretary to Government, 
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Government of Andhra Pradesh 
Abstract 

COMiAf® iiRjiii DEVELOPMENT DEPARTMENT - Warabandi Programmes in 
the select Command Areas - Implementation of - Orders - Issued. 


Command Area Development (ll) Department 

G.O.Ms.Nc.68 Dated : 16-9-1980 

Read the following! - 


1, G.O.Ms.No. 66, C.A.D. Department dated 23-9-1978. 

2. G.O.Ms.No. 58, Command Area Development Department 
dated 5-8-1980. 


ORDER 


Per obtaining maximum returns from an Irrigation project, 
Utilisation of Irrigation waters in the entire- onmmand areas, 
under every pipe (outlet), is very essential. At present, there 
has been inequitable distribution of water in most of th-o 
Command areas under a pipe (chak) either due to unauthorised 
conversiv-n of I.D. into wet or over irrigation by top-enders, 
among other factors. 

2* To obviate this, Government consider that a methodology of 
rotational v;ater supply (Warabandi) for providing Irrigation 
v/ater for the entire chak should be evolved and implemented 
without incurring any high capital expenditure. In this 
pr.: gramme of Warabandi the operation and maintenance staff of 
the Project should ensure the supplies of designed discharges 
at each pipe and the Command Area Development Authority should 
coordinate' the water deliveries and utilisation and assist the 
farmers in implementing the Warabandi programme. The supply 
of water during the allocated time in tie Warabandi programme 
to each farmer will motivate the farmer to use the "water time" 
allotted to him to his best advantage as he can pre-plan his 
agricultural production activities. It will also enable fifLl 
utilisoiti-:n of Irrigation potential in the entire command area. 

3. The main elements of Warabandi programm-e are !- 

i) Ensure that the designed flow of water is available at 
each pipe. 

In case this is not possible in spite of operational 
and engineering improvements, the available discharges 
have to be distributed. 


2 


8) When the land through which the field channel passes 
is net benefited therefrom, the owner of such land shall be 
paid an amount calculated at the rate at which the land 
required for construction of field channel at the nearest 
point from which the pipe outlet has been taken, has been 
acquired. 

Pr:>vidod that where a question arises as to whether the 
amount payable under this sub-section corresponds , to the market 
value of the land, it shall be referred to the District 
Cclloctur, v^hose decision therecn shall be final. 

9) Notwithstanding that the cost of construction cf the 
field channel is met by the Government, the responsibility for 
maintenance of the field channel shall vest with the pipe 
committee I and the beneficiaries of the field channel shall not 
acquire any right other than that of user only. 

10) Any person, resisting the exercise of the powers, of 
having control over the property fails to give all facilities 
for their being exercised, shall be deemed to have committed an 
offence under section 188 of the Indian Penal Code, I860. 


(True Extract) 
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Section 13 of Ordinance on Command Area Development. 

Construction of field channels ; 

13. l) VJhenever^it appears to the Government that the 
constructionof field channels is expedient for the supply of 
water to the lands immediately after or simultaneously with the 
availability of water in the main irrigation system, the 
Government ^ may, by notification, declare the command area under 
an irrigation system or project or source for the purpose of 
applyi^ig the provisions of this sectiSn, 

2) On the issue of the notification, the Land Development 
Officer, shall have power to enter upon any land and make 
survey of ^ such land to determine the most suitable alignment 
for ^ the field channel so as to convey water to every land under 
a pipe outlet and mark out the land which, in his opinion, is 
necessary for the construction of the field channel, 

3) The Land Development Officer shall thereupon publish 
a scheme in the prescribed manner giving details of the lands 
through which the field channel is proposed to be taken and 
specifying the areas and the names of persons likely to be 
affected. 

4) Every person likely to be affected may submit a petition 
to the Land Development Officer stating his objections, if any, 
to the proposed construction of the field channel within 
fifteen days of publioation of the scheme. The Land Development 
Officer shall finalise the scheme after considering the 
objections, if any, and publish it in the manner prescribed. 

An appeal against an order of the Land Development Officer may 
be filed before the District Collector within fifteen days of 
the publication of the scheme. 

5) The Land Development Officer shall, after the expiry of 
the period of appeal, or where an appeal is filed before the 
District Collector, subject to tie result of appeal, cause the 
fie^ channel to be constructed so as to convey water to 
every land under a pipe outlet. 

6) Notwithstanding anything in the Land Acquisition Act, 

1894 it shall be lawful for the Land Development Officer to enter 
upon lands required for the construction of field channel and to 
cause construction of the field channel as if a declaration had 
been made by the State Government for the acquisition thereof 
under section 6 of that Act and as if the State Government had 
thereupon directed the Collector to take order for ^ the 
acquisition of such land under section 7 of the said Act and as 
if the State Government had issued orders for immediate 
possession being taken under section 17 of the said Act. 

7) The Land Development Officer shall, after the construc- 
tion of the field channel, fix the boundary _ marks in the 
prescribed manner and thereupon the ownership of such land y 
shall vest in the Government. 
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Appointment of a Pipe Committee and its functions . Section 
5 of the Ordinance of Command Area Development : 

1) The Irrigation Officer shall have the power to appoint, 
a pipe committee for each pipe outlet, consisting of a president 
who shall be the chief executive authority of the pipe committee 
and ether members, who shall be the land holders under the pipe 
outlet. 

2) The number of members of the pipe committee and their 
term, the procedure to be followed at the meetings of the pipe 
committee, the powers and duties of the president and the 
disqualification' . and removal of the president and members 
thereof, shall be such as may be prescribed. 

3) The pipe committee in which the power to administer and 
supervise the irrigation system under the pipe outlet concerned 
vests, shall be responsible to perform the following, among 
other functions, namely 

a) the construction, maintenance, repair and upkeep of the 
irrigation system under the pipe outlet at the cost and expenses 
of the land holders; 

b) to carry out obligations on behalf of the land holders, 
if the land holders fail to do so, and recover costs, thereof 
from them in such a manner as may be prescribed; 

c) to enforce warabandi and to regulate supply of water for 
irrigation to each land holding by turns ^ or rotation according 
to the time schedule approved by the Irrigation Officer; 

d) to regulate and control water supply for irrigation by 
volumetric measurement in the manner specified by the Irrigation 
Officer; 

o) to prevent unauthorised and unlawful use of water for 
irrigati.n; 

f) to supervise the irrigation system with a view to 

preventing weste of water and. damage to the systeiHj 

g) to perform such other functions as may be prescribed, 

(True Extract) 
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5. For implementing the Integrated Water Management programme, 
the Chief Engineers should ensure that - - 

i) any minor repairs, desilting, provision of shutters etc. 
for pushing the water to the last minor/outlet should 
be _ taken up and completed before the Kharif season. 

This is essential for building up the required confiden- 
ce among the farmers. 

ii) if the majors/minors are found totally incapable of 
operation in the preliminary survey before Integrated 
Water Management is taken up, the required improvements 
in the structures etci , should be taken up and the 
Chief Engineers should ensure that the expenditure is 
limited to the minimum and after the experience in 
Kharif, further improvements which are absolutely 
necessary should be undertaken. This expenditure should 
be met within the budget grant under *0 & M' available 
with the Chief Engineers. 

iii) Any additional staff if required by 0 & M Division on 
the Engineering side may be supplemented from the 
Engineering units of the CADA. The Agricultural 
Extension staff of CADA should be fully involved in 
educating the farmers. 

6. During Kharif 1980, Integrated Water Management shall be 
taken up in the projects and distributbries/majors specified in 
the schedule given in the ’Arnexure' and shall be continued in 
future seasons. 

7. This order issues v/ith the concurrence of Irrigation and 
Power Department and Finance & Planning- Department - Vide their 
U,0.No.370/EP/80 dated 11-7-1980. 

(By Order and in the name of the Governor of Andhra Pradesh) 

SYED HASHIM ALI, 

To Secretary to Government. 


XX XX 


ANNEXURE 


Details of Majors/distributorios wherein Integrated Water 
Management should be introduced during Kharif 1980. 


Nagar junasagar Left Canal 
Command area. 

Nagarjunasagar Right Canal 
Command Area. 

Tungabhadra Project command area 

a) K.C. Canal 

b) High Level Canal 

c) TB Lou Level Canal 

d) Rajolibanda Diversion scheme 

Sriramasagar project area 

Total 5 


85 major/distributory. 


3 majors) 

3 majors| 

2 majors) (j^istributory . 

3 ma3ors| 

4 manors ) 

105 major/distributory. 


(True Copy) 
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GOVERMENT OF ANDHRA PRADESH 
COPY OF Abstract 


COMMAND AREA DEVELOPMENT - Integrated Water Management Programme 
in Project command areas - Implementation of - Orders - Issued, 


Command Area Development (ll) Department. 

G.O.Ms.N .58 Dated 5th August 1980 

ORDER 


In most of the Irrigation projects, there is considerable 
gap between the localised area and the area actually irrigated 
under each major distributory. One of the many reasons for this 
gap is the inequitable distribution of water in the system, 
because of unauthorised and over irrigation by the top enders. 

2, Government consider that improved operation of the canal 
system without incurring high capital expenditure on modernisation 
needs to be given due to .attention in Irrigation Management. 
Irrigation Management policy should aim at enabling all the 
farmers in the command area to get water within the existing 
limitations of supplies, and structural facilities available. The 
Government have, therefore, decided to introduce Integrated 
Water Management above and below the outlet. This has to be done 
by taking each distributory/major as a unit, and by suitable 
regulation of supplies, into the minors or direct pipes, to push 
the water down to lower reaches, so that the shortages, if any, 

in the system are equally shared by all, and any undue advantage 
or disadvantage on account of location of holdings is eliminated, 

3, The main elements in Integrated Water Management are s 

1. Division of the entire length of the distributory/major into 
convenient zones. 

2. The supplies to each zone have to be cut off for a certain 
prescribed time in the week by closing the minors, and the 
direct pipes in each zone. 

3. The operation of this closure may be generally in a sequence 
from head to tail of the distributory/major. 

4. The aggregate capacity of the minors and direct pipes to be 
closed in each zone should be related to the shortage in the 
distributory/major and the carrying capacity in the lower 
zones. 

5. Introduction of Warabandi for equitable distribution of 
Water among the farmers below the outlet. 

4, The organised system of rotation in the main system has to 
be finalised in full' consultation with Command __Area Development 
Authorities and with the participation of the farmers to enable 
the tsil—enders also to take’ full advantage of this arrangement. 


3. Under the new pattern, Central assistance to the extent 
of 25% of the cost of earthen (Kuchcha) field channels with 
related structures and lining of some vulnerable reaches would 
be available as a grant. (Another 25% would be available as 

a loan repayable over a period of 15 years or as may be pres- 
cribed from time to time). The State Goverment would have to 
match this with a similar contribution from its own (budgetary) 
resources. In other words, half the cost of construction of 
field channels would not be recoverable from the farmers. The 
other half of the cost would be ultimately recoverable from 
the farmers over a period and in a manner to be left to the 
discretion of the State Government. 

4. _ The State Government have caref\fLly examined the matter 
taking into consideration the cost involved in taking the field 
channels beyond 5 hectares limit and the financial assistance 
offered by the Government of India, The Government hereby order 
that field channels with related structures should be constructed 
beyond the 5 ha. limit and upto each individual holding within 
the outlet command at project cost in all on-going and future 
Major, Medium and Minor projects in the State. The orders in 
para 2(i) of the G.O. first cited shall be deemed to have been 
modified to this extent. 

5. The Chief Engineers should take necessary action for 
provision of funds for construction of field channels with 
related structures upto each individual holding within the outlet 
command in all on-going and future projects as already instructed 
in the reference fourth read above. 

6. At present, only four commands in Andhra Pradesh, Nagarjuna- 
sagar Right Canal, Nagar junasagar Left Canal, Sriramasagar 
project and Tungabhadra project are included in the Command Area 
Development programme and are eligible for Central assistance 
towards the cost of constructing field channels upto each 
individual holding. The Chief Engineers/Command Area Development 
Authorities Administrators should maintain separate accounts for 
the expenditure which is eligible for 25% grant and 25% loan 
assistance from the Government of India and furnish the details 
to the Government in the Irrigation and Power/Command Area 
Development Department so that the assistance can be drawn from 
the Government of India by filing the claims etc. , in the pres- 
cribed form. 

7. This order issues with the concurrence of Finance and 
Planning Department - Vide their U. 0. No. 876/F. Ill- 1/80-1 dated 
23-12-1980. 

(By order and in the name of the Governor of Andhra Pradesh) . 

C. Srinivasa Sastry, 
Secretary to Government 

To 

Engineer-in-Chief . 

XX XX 


XX 


XX 
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GOVSRMIENT OF ANDHRA PRADESH 
Abstract 

FIELD CHANNELS - Irrigation projects - Major, Medium and Minor 
Construction of field channels including related structures such 
as drops, distribution boxes etc., at project cost by project 
authorities upto the commanding point of each holding in all 
on-going and future projects - Modified orders - Issued. 


Command Area Development (I) Department 

Dated 29th April, 1981 
Read the following 

1. Go.O.Ms. No. 66, CAD dated 23-9-1978. 

2. From the Govt. of India, Ministry of Agricultural 
letter No. 11-10/80-CAD dated 22-4-1980. 

3. From the Govt, of India, Ministry of Agriculture 
letter No. 11-60/79, dated 14-5-1980. 

4. Go vt. Memo. No. 2273-Irrign. VI- 2/80-1 dated 4-9-80. , 

5. Govt.Memo.No.4253/Irrign. VI-l/77-2 dated 6-10-1980. 


ORDER 

Absence of field irrigation channels within the outlet 
command is one of the important factors responsible for under 
utilisation of irrigation potential created in Irrigation proje- 
cts. To overcome this deficiency, orders were issued in the 
G.O. first cited, inter-alia, to the effect that the field 
channels including related structures such as drops and 
distribution boxes should be constructed upto the commanding 
point of each survey mmnber or 5 hectare limit, whichever is 
less, in all on-going and future major, medium and minor 
irrigation projects in the State. 

2, The Government of India, Ministry of Agriculture in their 
letter second cited have emphasised that construction of field 
channels from the irrigation outlet upto each individual holding 
is the most important item for ensuring some of the basic 
objectives of the Command Area Development Programme, like full 
utilisation of irrigation potential, efficient, water management, 
etc. The Government of India have also offered assistance^^^^ 
according to which, for all the projects included under the 
Command Area Development Programrfle, Central assistance on a 
matching basis would be available for constructing field 
channels from the pipe outlet upto each individual holding. 
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ii) Ensure supply of water to all the farmers in a chak 
irrespective of the location of their holding. 

iii) Provide equal volume of water to each acre of the Command 
area under a pipe irrespective of the location by 
allocating a flow time. 

iv) Help the farmers to know in advance the day, period and 
volume of Irrigation water, allotted to their fields, 

v) Develop consciousness amongs farmers so that they begin 
to realise that Irrigation water is a scarce resource and 
to motivate them to use their share efficiently to 
maximise production. 

vi) Help in fuller and better utilisation of Irrigation water 
and improve Irrigation efficiency and minimise waste, 

vii) Bring about disciplene in water use and eliminate 
unauthorised or illegal irrigation. 

4. In view of the importance of equitable distribution of water 
and its timely supply. Government have decided to implement a 
Warabandi programme. For implementing the Warabandi programme, 
the following should be ensured. 

1, Farmers are to be consulted before developing a proper 
layout of field channels network particularly the loca- 
tion of distribution boxes for each Irrigation zone. 

2, Formation of Irrigation Zones and identification of 
farmers in the zones in consultation with the farmers. 

3, Preparation of time schedules for each Irrigation Zone 
and individual farmers in consultation with them taking 
into consideration the length of field channels, flow 
velocities and transmission losses. 

4, Exhibiting on display boards the scheduling of Irrigation 
Variation to this schedule within the zone can be made by 
the Zonal Representative in consultation with the farmers 
in that zone . 

5, Assisting selecting zone representatives and formation 
of pipe committees, and their leeaders. The pipe commi- 
ttees should be induced to take over the field channel 
system to ensure the safety of the structure and for the 
operation and maintenance of the system. 

The Warabandi programme shall be taken up in the select Command 
areas and will be gradually extended to other command areas. 

This order issues with the concurrence of Irrigati...n and 

Power Department. ^ _ . . . 

(By Order and in the name of the Governor of Andhra Pradesh) 

Yq SYED HASHIM ALI, 

The Chief Engineers of select Secretary to Government, 

Projects, 


XX 


XX 
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PAPEE FQii gllB SEl4ll'Mi 


TO BE HSili A' 


ITU'i’E^EtJCiaWV IH T32E 


IlffOitTiBICE oE OPEIUTI' 


■lalNTEiiiiHCE AIJB 


FiAaaBIijITY IN iAAlGE imUGiiTION BYGTEil FOB 


lliPIjEilENTlNG EFFECT I'/E A7 a1GOBUJI> I TO 


i^CIilEVE Ev/:UITY AMI) PBOBirOTIVITY 


■ SYEjl> TUiOiBUL iEiSBiili ' . 

EPUTY /iGBIGUjuiTUiUiL PUOByCTlUH CUifiGSBlONEici 
FOOb G AGuIGUomaS BEPiBtTiMIT 
MMLtui PxUiDES'il, imi'EiUlkBAlJ . 


In large irrigation projects the water is laade 
available siiaultaneously from different points to tbo 
cultivators and from each point laany cultivators are 
to receive water, To ensure this , it is necessary to 
have an operational plan "based on scientific lines. 

In. the abs<jnce of such a plan, there is "bound to bo 
confusion and conflict among the farmers. ‘ 

2, In India, most 6f the old large irrigation projects 
are functioning from ages and in almost all thee o old 
irrigation projects the cultivators evolved their owi 
system of drawing water which often results in in- 
equitable distribution, hue to social pressures and 
political will some farmers, though their lands are 
localised, are not able to obtain water and consider 
that it is not worthwhile or advisable to register 

even their protest, ■ V 

3, Population pressure, scarcity of food and arable 
land, high investment in development and maintenance 
of irrigation project; nev^ teciuiologics in agricultu-o 
which depends upon assured water supply and ii/j 
judicious use; two together are responsible for the 
active interest from the Govornnent as well as from 
the farmers side, to utilise water from irrigation 
projects in a more effective manner, ■ 

q, Uith the introduction of high yielding varieties 
and the setting up of Comiaand area hevelopmoiit iiutliority, 
a multi-disciplinary agency, in coordination with other 
agoncicD and institutions, farmers no longer cons id or 
agriculture as a mere \my. of life and a means of sub- 
sistence, but prefer to go in 'for high yioldiug varie- 
ties with a view tQ/§nIianced incomes . This switching 
over of agriculture ad an economic! activity with heavy 
investment for l.and development and other inputs 
enhances the importance of irrigation. . 

Contd.,,2, 
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5. Svon tho anall aiid uarginal farnors 
tiilent opectatorG, duo to changoo iii tlio very politi- 
cal structure are now lioen to fight for their rights 
to enjoy the econonic benefits of irrigation -'ind. claiu - 
their right to water supply. I’he concept o '£ o f ^ I 1 X "t V 

in all walks of life mid the need for naxinising 
production has mde the (lovenment evolve a nothod 
of providing jossured water to all the fields in the 
coouand irrespective of location and holdings. 

6. The Warabandi syoten v/hich was introduced in 

■ Haryana, Punjab and in nost parts of Uttar Pradesh 

f in the past to avoid conflicts* and to enfb-rce 

discipline , no doubt served its purpose and stood 

the test, of tine but it appears to be ineffective to 

; ■ solve the present probleps of irrigated agriculture, 

j In the old sys ten, tine was allocated for taking over 

j' water on the basis of holding. It had no relovanee 

[ with the actual doKiand for water or its uoofulness . 

I for the crops. This sys ten of water distribution no 

i; doubt results in fixing the turns and timings of 

I watering as per the size of Imid holding, adversely 

affected the small and marginal farriers, chiefly, when 

* from an out-let a big area is to be irrigated in a 

f; limited time, and has belief itted only the big feruors. 

* 

. . , , , ■ ^ 

■ ' 

7. It was noticed that in Cliak, say of 400 iicres, 
big holders having 60 ikcres or. above were allotted 
more than 25 hours a week to irrigate their lands 

' while small farmers were allotted hardly 4 to 5 

minutes a week with their holding of l/4 ncres or so, 
j no doubt with a big flow of about 4 cusecs, which iii 

, fact also works adversely, as it is impossible for tlioi 

/ to handle tho same. The net result was that in most 

s of the cases, t|ie small farmers could not utilised 

the irrigation water at all. Further, even among tho 
big farmers though the time allotted may be equitable 
in the light of tho holdings, the quantum of xmtor 
I (iiffored depending upon the location of the fields , as 

: no allowance was given for the seepage losses and travel 

tine. In addition to this, fn most of the projects 
delivery systems were directly from the rivers which 
had fluctuating flows. 

i; . . . Contd.'. ,3. 


8 , ¥itli the building of reservoirs dt different points 
and in o one cases the entire distribution syotcu depun-» 
dent solely on the reservoir, the probleuo of un-coutro- 
lable flows have been solved to a great extent, 

9, The present agricultural tecliuology fixed up very 
clearly the water re<l.uirenent of the crop at its diffo-- 
rent stages of growth for the optinun yield and also 
the quantity required at critical stages to avoid bad 
effects of diy sx)ell in tines of water searcity, no 
such, at xjresent with a view to equity and the x>roduction 
of mixinun yields 4 Project Managers nust neot the crop 
detjands by adopting an appropriate operational strategy. 
Therefore, there ought to be operational nannuals for 
different cropifing terns a{)x>licablo both in tines of 
sufficient xirater to neet the denand and also when \^ater 
is barelj^ enough to neet the requ-irenents of xJlc>iits 

at critical period. 

10, Operational plans should be based on realistic 
knowledge with regard to the systen efficiency and the 
seepage and evaporation losses in different rjar to of 
tlio irrigation syot.on. ' This is to be worked out oare- 
fully and schedules fixed to ensure, that every farnor 
receives his allotted share in tine, 

11, The size of pipe outlets and their location on 
the net-work of irrigation, the field channels and the 
distribution boxes on then, are to be designed and 
executed very carefully, 

12, This neans the old concei)t of xjroviding of vmter 
for large area and alloifing farners to have their owi 
field chaimels is to be reiJlaced* The Govomnent net- 
work of irrigations should not oxld at the x>ipe outlet, 
but' should reach the farners’ field. Further, an adequate 
nunbor of controls, regulators and other structures to 
divide and push the available supply not only above the 
■pipe outlet but below it are required, so that frou every 
Xjoint of the net-work deliveries can be effected as 
fixed for different stages of crops by the agricultural 
experts, upto the fields of each farner by the operation 
<r£ the regulators. 
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13- Such a systen solves tlie tail— oiid and water 
lot'ging problens. There will also Ka- a lot ol water 
saving, mid the efficiency of the inputs used chiefly 
fertilizers, will increase renarkahly. Tli^e warahancli 
inxroclucecl in Sreeraiisagar ProjOQt and its close 
evolution imlicates that the operational floxihiiity 
of the project is the outcorie of the flexihility of 
all net Work conponents comiecting the head work to 
the farners V field, 

14. Each conponent of the irrigation systen has its 

own specific hydraulic and net-work pfoTileno, Unless 
and until each prohleii they (operational engineers) 
carefully studied and solved, the Systeu will fail to 
function effectively. Lot of plamilhg is hecessary 
for nuking warabandi really effectivei The entire 
syston has to be studied and its defects renoved either 
by physical inprovenents of the systen or by operational 
innovations mid only tlieif it is possible to have 
clotorninetal flow rate at a pro-deteniinetal tine 
interval, and bn this basis only can warabandi sche- 
dules be prepared and rotational tiue table for the 
distributories and iiinors fixed by the Governnent 
Officials. Once the confidence is created miong the 
cultivators that, if they strictly adhere to th’e tine 
table given to then, they will receive; the quantun 
isost suitable for giving then the highest yield, full 
o.rpcration for xiaintenance and running of the systen 
will bo available fr on the farners,^^^^^^ ^ . 

15. Once the irrigation systen is nodernised i/ith 
op<;rational flexibility deliveries can be adjusted, 
to nest the farners changing and progressive needs 
luring the project life, hs no large irrigation systen 
(•an bo operated to neet the denands of individual 
far.jors, it becones incunbent on the operational wing 

t •» (leviso and select the approi)riate operational strata- 
g.ieo to ueet the average denands of the collective 
/troups of cultivators. 
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16 . Once the farriers are aware that the irri£^ation- 
systen can provide a particular quantun in a particular 
period at the Cliak outlet and that faraers helow that 
Chak outlet are to receive equal flows, then they 
utilise the sane by uutual adj us tiient within the group 
or they nay adjust their crops to get the best econonic 
return froia the utilisation of available water. 

17« To this day in iibst of the irrigation systoiis, 
due to United net~woric capabilities of the irrigation 
project, and the absence of clear objectives to deliver 
equitable, assured and tine ly water supplies to faruers, 
the up— streau cultivators arc receiving nore than their 
fair share of water, i/hile the tail -end ers are sufl*eriiii 
fron severe shortages. These ananolies are not only 
noticeable below the Chak, but in the entire syston 
i.e,, in the upper reaches of the nain canal, distribu- 
tories and ninors, nore water is available than the 
niddlo reaches and still less in the lower reaches and 
in sone cases no water roaches the tail-end. To have 
a syston wherein every farner irrespective of location 
receives equal quantun of water the neasuring device 
in the entire syston to ensure proper flov/ of allocatj^u 
iirator is a nust. im adequate nunber of controls and 
regulating structures are required at suitable , points 
to divide the nain canal flow so that every distributory 
sub-ciistributory and ninor receives designed discharges. 
I 9 a large irrigation syston in absence of the neasuring 
devices and cross regulators, a little increase or 
decrease in the head of the upper reaches effects 
abnorual increase or decrease at the field level, 

10. Once the flexible systen aud operational efficiency 
are developed the problen renains of utilising; the water 
below the pipe out-let. It is un-thinl:ablo with the 
present strength of staff, incharge of water uanager:ent 
to provide and control the distribution of water upto 
the faruers' fields. Further, the naiatenance of the 
net-work below the Chak outlet is not possible depart- 
nentally. As such, the iiivolvenent of cultivators for 
running the sane is a nust. ilowever, efficient a syston 
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uay lie^tlie supply needs of individual farners cannot 
be netji^it is not lianclled by the beneficiaries then- 
selvoSfc j?lie good relations between irrigation authori- 
ties and the Users, that is faruers and their agreoiiig 
to abide by certain rules and procedures laid down- 
joint ly is alsoa^mst, '^he technology enployea for 
delivering water below the pipe outlet can be desigiici-i 
and executed with the.cojjnon und erst mid ing of farners, 
agricultural teclmologists and engineers, well verseu 
in snail hydraulics. The schedules for watering cmi be 
fijced after due data collection with regard to water 
Ikolding capacity of field, seepage losses and travels 
tine fron one block to the other, within the pipe outlet 
Groups can be constituted so as to adjust the water 
within the groups Hatching ' their individual croj) require 
aents. Even with connon understanding cropping periods 
can be staggered so as to nininiso the peali requirouents 
xind this can haxipen only Mheii farners are riade aware 
of the water schedules uuch in advance of the sowing 
season and the soil characteristics and crop behaviour. 
This needs a very strong extension service. 

19. On the basis of cliuatblogy, crop and water- 
holding capacity of soil, the operational plan for 
the flm/ is to be worked out keeiiing in view the actual 
and realistic systeu' efficiency. This schedule nade 
available to the beneficiaries, nuch in advance of the 
season. This would ensure faruers of receiving their 
allocation in tine and provide then tine to plan 
agricultural activities, individually or jointly, by 
obtaining the advice of experts in agriculture and 
water uanagenent; creating a confidence in the bene- 
ficiaries^ .is required, to acconplish this task. It is 
essential that there should be a teaii of officers 
belonging to different disciplines working together 
with a iionitoring cell| and field staff should provitle 
feed back to the project authorities, whoso duty is to 
be not only evaluating the results of warabandi but 
also talcing effective ueasures for redressal of short- 
coi lings noticed in the systeu. The warabandi thus 
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prosunes tiie esis teiice- of tlie coopei^atiou 'Detweeii the 
irrigation olficors,; agricultural officers and tlio 
fariaers, Tiio very effective elastic irrigati-on systo'i 
from tlie head to tlie fields of the farners guarautoGS 
reliable and adequate flow to the ■ fielc\, Adhereiice 
to the schedules, fixed for the farners and iiaintenanci 
of the entire irrigation systeu helow the pipe 'outlet 
will rest with the farners ’ organisation. The uethodo- 
logy followed in Pochampad with regard to dividing 
the Chahs Into groups based on geographical posit ioii, 
fixing of flows as per the advice of the iigricultura.1 
Departnent, taking into consideration the area covered 
the crops groim showed good results. Even in the harve 
season and loan season, irrigation waters have been nac 
available to the field of big and shall pipe by club- 
bing the pipQiS , rotating ninors, and even rotating 
distribution systen, with nininuu wastace of water. 


20y The objective of warabaiidi is to arrange the 
distribution of water equitably below the pipe outlet 
by rotating the turns of farmers and irrigatiug their 
fields one after the other. ¥arabandi system in Broc 
dausagar Project ' envisages foruulation^ of naixageablo ' 
groups, within such groups, each inclividuai farmer is 
assured of his share of water at a specific hour of 
the week, with option to exchange his timings or turn 
of the week within the group, thus facilitating ouch 
member of the group by mutual understanding to adjust 
the supplies with crop requirements. This flexibility 
in utilising the water below the pipe outlet helps in 
mutual understanding and adoption of the cro’pping pattt 
of their liking. To select the crop and the qmmtmi 
of water required, technical guitfanc^^ancf ^^^us the 
system needs, not only teclmically trained persons for 
running the distribution system, but also for. advising 
the agriculturists to select and irrigate the orop. 


21, The success of warabandi thus depends not only 
on suitable type of irrigation system, but also bn a: 
agricultural wing to atlvise the farners not only abo 
tlie crop and its inputs but also about the mutual co 

operation among the farmers -thoiiselvos , ajid aii offle. 
operational v/ing to make- available needed quantum of 
water at different stages of the growing crop. 


EQUITY IN IRRIGATION SYSTEMS - CERTAIN STEPS IN 

THIS DIRECTION - UKAI-KAKRAPAR COMMAND 
AREA, GUJARAT 

V,S. Sinha 

Area Development Commissioner 

Ukai-Kakrapur Project j 

Gujarat 

Our agriculture set up is permeated with inequality. This has ; 

been so for decades. Inequality was taken as a fact of life with ii 

which we have to live. The land holdings were unevenly distri- Q 

buted; a couple of cultivators had very large holdings, productive 
pov;er and income. A large number of cultivators worked on very 
small holdings and supplemented their meagre incomes by working 
on farms of others. Before independence we had also the system of 
tenants and landlordsi the tenants cultivated the fields at the will ■ 
of the landlords and the produce belonged to the landlord.- The social 
position w nt to the landholders. 

2. We were hirrings against this inequitable system during the 

independence struggle days. The fact that a few lorded over many 

in the rural set up went against the very grains of the vast majo- 

rity of the people. Abolition of tenency and more equitable dis- 
tribution of land holdings, therefore, formed one of the main items 
for changing the social order. This became part of the independence 
struggle. 

3 . The attainment of independence was soon therefore followed by 
abolition of tenency. The tenants were made occupants. The 
majority of the cultivators, therefore, had a state in improving 

the productivity of the holdings of which they became occupants. | 

Success in plant breeding, evolution of varieties which gave signi- 
ficantly larger yields on application of fertilizers led to in- '( 

crease in agricultural production and improvement in incomes and 
status of farmers. The increase in income was, however, not evenly , 
distributed. Improved seeds, fertilizers called for larger 
investments. The credit for financing these investments was more 
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easily available to the larger holders as compared to the smaller 
holders. There were also in a position to invest in minor irri- 
gation. The distribution pattern of the benefits which accrued to 
the cultivators was, therefore, eschewed. The dependence of the 
marginal farmers and the smallsr farmers on the larger culti- 
vators, therefore, increased. They had to depend not only for 
meeting their credit requirements but also for work during off 
season on larger land holders. The distribution of credit and inputs 
was a matter of policy entrusted to the cooperative society. The 
cooperative societies were suppossed to meet the requirements of 
the cultivators fully. The policy was further directed towards 
paying such attention to the needs of weaker sections of the 
society. The socio-economic order in the villages actually, however, 
work in a manner that a disproportionately large share of the 
inputs went to the large land holders. The large land holders 
were, therefore, in better position to make use of the productive 
capacity of their land. This was more so in the case of irrigated 
lands. 

4. The ’State' invested large sums in impounding the waters of 
rivers and provide flow irrigation to a very large areas. It 
was felt that by constructing a reservoir at suitable place on the 
river and providing canal waters could be made available to the 
individual farms and making use of the water so provided production 
would increase. The production did increase but the accrual of ’ 

benefits was again aschewed. This was a result both of natural 
forces acting on the seed as also the incidental effect of the 
design and implementation of the irrigation system. The information 
regarding the crop water requirements was rudimentary. It was 
supposed that particular crops would be grown in certain areas. The 
forecasting techniques for determining the areas likely to come 
under individual crops had not been developed. The areas proposed fo. 
individual crops were at best on inspired basis. The sections of 
the canals were worked out on the basis of crop areas and the crops ‘ 

requirement of water. The canals were designed and constructed 



on the principle that it would, be able to flow water at a velocity whic 
would be non-silting and non-scouring. The canal system was 
designed on the principle that large canals called main canals would 
taKe off from the opening in the main reservoir. The release would 
be controlled by mechanically operated gates. Branch canals would 
take off at suitable intervals from the main canal. The branch 1 

canal would, in turn, be divided into distributaries, minors and 
sub-minors. There would be gated openings on the minors and sub- , 
minors. The cultivators would combine shaping the land and provide 
conveyance for taking water from the outlet openings to their 
individual fields* The outlets were designed to give 70 to 90 ! 

litres of water per second. The cultivators ranging from 15 to 40 
were supposed to cultivate about 80 ha. of land from this gated 
opening. 

5. The section of the minor could permit flow of only a certain 
quantity of water. The system was designed to operate for a 
couple of days followed by flowing of a canal for a number of days 
and so on. The crop water requirements from the outlet opening 
is, therefore, to be satisfied within stated period. This pre- 
suppossed a certain amount of unity and organised working amongst 
the cultivators. In fact this did not v/ork out in the aforesaid 
manner. The crops grown were uniform, the crop water requirements 
differed, the land shaping was not the optimum one conducive to 
effective use of water. The land shaping itself required availa- 
bility of trained workers or machines in case of terrain where the ' 
slope is in excess of 2%. Water being available only for a fixed 
duration a certain inequality in its use also developed. Certain 
cultivators availed of a disproportionate share of flowing waters. 

What remained was at best of times was not sufficient to enable the 
weaker farmers to take to crops which depended on flow waters. The 
result was that large areas remained unirrigated. 

6. The conveyance efficiency was also not as high as expected. 

The leakages end seepages were normally more than that indicated * 
in the design- The improper design of the outlet gates and defici- 
encies in its operation also led to avoidable unproductive flows , I 


of water. The large length of conveyance system made harmonious 
working amongst cultivators of effewtively utilising it difficult. 
These shortcomings were noticed and certain remedial actions 
were taken. See pages, leakages etc. were sought to be reduced 
by better compaction and lining of the sections of the canals 
where it was in hanking. The outlet sizes were sought to be 
reduced. The State Government created an organisation for carrying 
out land shaping and land development using earth-moving machines. 
Suitable legislation was enacted permitting Government to carry 
out land development and provide conveyance of water to individual 
fields* This to certain improvements but we have still a very 
long way to go in bringing in equity in the use of land and water 
resources, improving productivity and ensuring socio-economic 
development. We would illustrate this by taking the developments 
in Ukai Kakrapar project, a project based upon impounding the 
waters of river Tapi and using its waters for generating electri- 
city and improving agricultural production in the districts of 
Bharuch, Surat and Valsad of Gujarat. 

7. Ukai -Kakrapar is a two phase major irrigation scheme for 
development of agricultural lands extending from the Narmada river 
on the south to the Par river on the south. Although the command 
area is dissected by eight principal rivers, the main source of 
supply is the Tapi River. Irrigated agriculture started in 
1957-58 when Kakrapar weir was constructed across Tapi river. 

At that time right bank and left bank canals served an area of 
227, 5A0 ha. Since 1972 the 69 m. high Ukai Reservior some 24 km. 
upstream of Kakrapar weir has povided regulated flows for rahi 
and hot weather season cropping to an expanded service area now 
measured 204,080 ha. To serve additional lands lying between 
the Kim and Narmada rivers, on Ukai Right Bank Canal off taking 
from an enlarged Kakrapar Right Bank Canal was constructed. A 
third canal, Ukai Left Bank Canal, taking off from Ukai dam was : 
added to serve lands lying above the Kakrapar Left Bank Canal. 
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Pro.lect Features ; 

Ukai Dam ; (Construction started. 1964) 


Masonry 
Earthen 

Maximum height 
Top of Dam 
Crest of spillway 
Quantities in dam*. 

Earthwork 
Concrete 
Masonry 
Reservoir; 

Gross storage 
Dead storage 
Live storage 
Full Reservoir 
level (FRL) 

Kakraoar Weir (construction started 1949) 


868.8 m 
4058 m 

68.6 m above river bed 

91.135 m 

23.24 MCM 
0.18 MCM 
1.304 MCM 

8511 MCM 
1418.49 MCM 
7092.51 MCM 
105.156 m. 


Crest length 
Crest elevation 


621 m. 

RL155.0 m original 
RL160.0 m (1971) 
Structural height 14 m 


Ukai Power Plant 

4 units of 75,000 kw each 


Irrigation conveyance and distri 
bution system 

Length 
(km) 

Bed gra- 
di ent 

Medium can a- 
city (M3/s) 

Kakrapar LB Canal 

64 

1; 10000 

85.6 

Kakrapar RB Canal 

64 

1:10000 

32.5* 




78.20 

Ukai LB Canal 

73 

1:8000 

35 

Ukai RB Canal 

48 

1:6000 

45 

Kim Branch KRBC 



22.1 

Hajira Branch, KRBC 



44.77 

Surat Branch KLBC 



17.16 

Chalthan Branch KLBC 



20.76 

Bardoli Brandh KLBC 



14.24 

Umbhrath Branch, KLBC 



12.50 

Navsari Branch, KLBC 



19-60 

Amalsed Branch, KLBC 



18.78 
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Irrigation Service Areas CCA 


Kakrapur LBM Canal 

145,335 ha. 

Kakrapur RBM Canal 

58,745 ha. 

Ukai LBM Canal 

85,000 ha. 

Ukai RBM Canal 

67,400 ha. 


Present Land Use Pattern (Kakrapar Area) 

a) Area under surface irrigation in any 
one season 

b) Area under well irrigation 

c) Orchards 

d) Cultivable waste 

e) Current fallow 

f) Other fallow 
g; Grass land 
h) Coastal land 


204,080 ha. 


124,692 ha. 

20.000 ha. 
5,305 ha. 

19,850 ha. 
4, 605 ha. 
6,788 ha. 
10,750 ha. 

12.000 ha. 


Average Irrigation Intensity in Per cent 


Year 

KRBC 

KLBC 

URBC 

ULBC 

1974-75 

47.8 

47.0 

Nil 

Nil 

1975-76 

44.0 

45.0 

I6i7 

• 0.8 

1976-77 

40.7 

43.0 

6*6 

3.2 


8. The climate is predominantly under the influence of the south 
west monsoon. The 50% probable rainfall for 5 stations in the 
Left Bank Ukai -Kakrapar scheme area (Surat, Bardoli, Navsari, 
Chikhli and Valsad) for the 1965 to 1977 period is 1300 mm. July 
is the heaviest rainfall month with 300 mm in the July 1-15 
fortnight and 310 mm in the second fortnight. An averaging of 
stations has little meaning, however, as rain becomes progressively 
less from south to north along the Arabian Sea and Gulf of Khambhat 
The averaging of stations has little meaning, however, as rain 
becomes progressively less from south to north along the Arabian 
Sea and Gulf of Khambhat. The average rainfalls for subareas in 
Ukai -Kakrapar scheme are as follows ; 
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Name of river Dis- 
secting the Command 
Area 


N armada-Kim 

Kim-Tapi 

Tapi-Mindhola 

Mindhola-Puma 

Puma- Arabic a 

Ambica-Par 

Total 



C.C.A. (Ha.) 


Average 


UKAI 

Kakrapar 

Total 

Rainfall 
(in mm) 


62,890 

. 

62,890 

880 - 

1150 

4,510 

61,350 

65,860 

a 

18,770 

76,000 

85,770 

1 1450 - 

1800 

13,740 

28,300 

42,040 

s 

s 

10,770 

31,000 

41 , 770 

M 600 » 

2200 

41 , 720 

39,890 

81,610 

$ 

s 


152,^0 227,540® 379,940 


@ C.C.A. under Kakrapar originally estimated at 227,540 ha. on 
detailed measurements works out to 204,080 ha. 

The 50% probable rainfall based on two stations in the RBM Canal 

>*' 

area is as follows i 


Month 

Period 

Rainfall in mm 

June 

11 

5 


12 ■ 

98 

July 

13 

182 


14 

111 

August 

15 

69 


16 

70 

September 

17 

55 


18 

16 



6o7 

IMD station, is 

1 located along the Tapi river between 

and Right Bank 

areas. 

Valsad is an IMD station on 


the south end of the project near the Par river. Surat's and 
Valsad' s climates are moderated by the influences of the sea. At 
Valsad the average maximum monthly tenrperatures vary from 33°C in 
May, June and October to 28°C in January - a comparatively narrow 
range. Relative humidity on a monthly average basis varies from 
89% to 42%. The corresponding values for Surat are 37° to 24° and 
87% to 33% respectively. Mean wind speeds vary from 4 km/hr to 
12 km/hr from month to month. 
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10. The command area slopes gently toward the west and becomes 
almost completely flat near the coast. In general, the micro- 
topography is determined by small rivers and natural drainage 
ways. The need for further land shaping and grading is estimated 


as follows: 

Land slops 
in percentage 

Area needing land 
development, land shaping 

and grading in hectares 

OiS to 1.0 

7880 

1.0 to 2.0 

6420 

2.0 to 3i0 

2850 

3*0 to 4.0 

450 

Total 

17600 


11, The soils in the command area consist of montmorillonite 
clays. Though they were initially formed as residual deposits 
from the disintegration of be salt, they are denuded from the 
place of their origin, transported by river waters and laid as 
flood plain deposits. During their transportation they are 
intermixed with granular material and therefore they very in 
their texture, stratification and physico-chemical proprties. 

They are thus alluvial deposits of stratified layers of residual 
clays intermixed with sands and silts. Because of the presence 
of montmorillonite clay mineral in appreciable percentage, the 
soils crack on drying usually to I meter depth and swell on 
wetting. The cracks are numerous, thin and vertical. On the 
western side adjoining the coastal area the lands in about 24,000 
ha lying in the command area are affected by tidal flow during 
high tides. The area lying between Ambicaa and Par rivers (82,000 
ha) serviced by LKBC and ULBC has a rolling topography and has a 
large area presently under grass. The rest of the command area 
under Ukai-Kakrapar is generally brought under more productive 
crops. 

12. The percentage of clay (minus 0.002 mm size varies between 30 
and 45 (predominant range). Sand (0.075 to 4.75 mm) and gravel 
(larger than 4.75 mm) percentage is together usually less than 
20. The PH varies between 8.4 and 9*0, indicating a slightly 
alkaline condition. 
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13* TJie land, holding classification in the Kakrapar command 


Size of 
holding (ha) 

Percentage 
of farmers 
having holding:s 

Percent of 
area to 
total area 

0-1 

39 

8 

1. 0-2.0 

21 

13 

2. 0-5*0 

27 

35 

5*0-10.0 

10 

29 

Above 10 

3 

15 


100 

100 


14. The development of irrigation on the Left Bank and Right has 
been bederilled by leakages on aqaduct and difficult shifting soil 
soils on the Ukai right bank side. ¥e had to go in for constructs 
ion of barrels to enable water to pass through the difficult 
stretch. The irrigation in those areas is now beginning to pick 
up. The old Kakrapar Proiect has witnessed a rise in irrigated 
areas but the constraints of inadequate capacities, rise in water 
table etc. have limited the growth* The drainage programme has 
been taken up and the capacities are also being improved. The 
figures of irrigation for the ladt 7 years are given in Annexe 
C~1. 

15» The agricultural development was somewhat slower till 1962-63 
though irrigation facilities were provided for a large area through 
Kakrapar system. Intensive agricultural district programmes 
introduced in 1962-63 in Surat and Valsad demonstrated success^.-' 
fully the potentialities of increasing yields of food crops ' 
through a multipronged, concentrated and concentrated and 
coordinated approach towards application of a package of improved 
agricultural practices. High yielding varieties were introduced 
during 1966-67 as a continuation of the programme launched on an 
All India basis. Arrangements were made for custom hire services 
for agricultural operations which were further supplemented with 
processing facilities for agricultural commodities like suger- 
cane, paddy, cotton, pulses, groundnut and vegetablesi. Crops 
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covered under the prograinme were paddy, wheat, maize, sorghum 
millets, cotton and castor. To integrate the agriculture operations 
in the command area and improve infrastructure facilities and 
organise input and extension services in scientific lines, 
command area development authority under an Area Development 
Commissioner was formed in the year 1974 with headquarters at 
Surat. Since then land development programme got momentum, field 
channels were constructed over a large area and steps to provide 
a suitable drainage network were taken by the ** Authority’*. The 
development of irrigation is presented in the statement at Annex C-2 

16 . We would further illustrate the attempts made in this 
direction by describing an experiment which is being carried out 
in Hanori village of Gandevi taluka of Valsad district. The 
taluka is bounded by long* between 72.45° to 73. 5N and longi 
between 20° to 21°E. The cultivated area is 280 ha., the popu- 
lation of taluka is 159,000 (as per 1971 census). The village 
is covered by soils belonging to Jalalpur soil series. Their 
characteristics are as per Annexe A. 

17. We have selected 500 ha. covered by IL, 2L and 1R sub- 
minors off-taking from Gadat minor. The Gadat minor in turn takes 
off from Gandevi distributary. We enclose index plan (Annexe B) 
showing the position of the Kakrapar Left Bank Canal in Gandavi 
distributary and the sub-minors selected for experiment. The 
area within the command of these three sub-minors is 503 ha. The 
crops grown during the last six years are given in Annexe C. The 
areas which have been irrigated have been shown in the annexe. 

It would be seen that a large number of holdings, the cultivators 
did not or could not make use of the flow irrigation. Certain 
areas have been devoted the growing of grass and Baval trees. 

There was considerable disaffection against the system of distri- 
bution, : water did not reach a large number of fields and whatever 
of water reached v;as found to be grossly inadequate. This is 
in spite of the fact that field channels had been excavated in 
1975 at a cost of Rs.66,170/-. We found that there were number 
of constraints coming in the way_ of effective use of waters. The 
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system was not in a position to fully meet the crop water require- 
ments if the entire area be brought under irrigated agriculture. 

The water supply was irregular. Thecultivators, therefore, were 
not in a position to risk investments on fertilizer, seeds etc. 

The yield from the grass and Baval trees was, on the other hand, 
assured. The existing net-work of farm roads enabling the cultivators 
to take carts, agricultural implements had been disturbed by con- 
struction of canals and field channels. There was no systematic pla- 
nning for providing an appropriate farm road net-work for taking 
implements etc. to the individual fields and bringing farm produce 
from the fields to the village. The. soil contains large quantities 
of clay amounting to 45%. The infiltration rate is 2.5 mm/hrs. 

The water application for the crop requires 10 hrs/hect. for 
sugarcane hours. This leaves to the saturation of the soils, upward 
movement of the salts and reduced nutrient supply to the plants. 

There is therefore need for providing suitable channels for removing 
excess waters from the field. The following strategy has, therefore, 
been adopted. Firstly, the crop water requirement on the supposition 
that additional areas would be brought under irrigation have been 
worked out and relevant sections of the Gandavi minor and water 
course is improved. Additional outlets and control structures have 
been provided to enable more effective control on the release of 
waters. These improvements have already been carried out. The 
section has been improved the linings have been provided in the 
reaches as shown on the plan. Additional outlets have also been 
provided as shown on the plan at Annexe B-1. Measuring devices have 
been provided at Ch.2700’ and Ch.5400' of Gadat minor to keep a 
watch over the flow of water. The difference between two will 
give en idea of the water used in the fields. 

18. The crop water requirements have been worked out on the basis 
of eixperiments carrisd out in the fields of Agriculture Collsge 
at Navaari. The Agriculture College is part of the Gujarat Agri- 
culture University. ¥e, however, do not have the information on 
Soil characteristics of individual fields- The information on soils 
is based on reconnaisance soil survey carried out in year 1970 on 
a soil characteristics. ¥e have, therefore, decided to test the 
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computations made on the basis of results obtained from the 
Navsari fields by actually observing the actual requirements of 
the individual fields. The crop water computations have been made 
using the modified penmen formula. The actual time required for 
individual fields was computed. The time taken to irrigate the field 
was observed from 12-4-82 to 16-4-82. The two were compared and the 
results are given in Annexe D. These e3<periments are proposed to 
be repeated to enable us to get a better idea of the crop water 
requirement and effect further improvements in the section. 

19. The On-Farm-Development work has also been planned afresh. 

This incorporates farm roads to individual fields, field channels with 
lining. To reduce seepage and resulting damage, to the productivity 
of the soil and better efficiency of the conveyance system. Field 
drains have also been planned to remove excess water in time. The 
selected area between Gadat minor and Bokadia khadi is drained out 
by Bokadia Main drain and Surya Khadi. The section of the drain 
was originally 1.0 M. average^ This has been improved to 1»5 m. 

The improved section has been worked out on the principle that the 
precipitation in the catchment is drained out well in time and 
submergence should be less than 72 hours* This is again on the 
assumption that the crops tolerance extends to 72 hours. The 
observation this year revealed that the submergence even after the 
heavy precipitations has been only 36 hours. 

20. The efforts made above have started yielding results even during 
experimentation stage. The people in this area are used to taking 
summer paddy- They have been doing so for a number of years. They 
get very good yields from the summer paddy. Improvement in the sys- 
tem, however, required carrying out works on Gadat minor and sub- 
minors 1L, 2L and 1R. ¥e tried to do the work making use of the 
closure available- The minimum period required for taking up the 
work, however, necessitated closures longer than required for meeting 
the water requirements of summer paddy. The area under the summer 
paddy had, therefore, to be reduced. It actually came dov;n from 31 
ha. in 1980-81 to about 3 ha. during 1981-82. This sacrifice was 
made by the cultivators, v/ithout demur, willingly. An attempt 


has been made to allot time during which cultivators will draw 
water and irrigate their fields* The time schedules have been 
arrived Owt and the definite times affixed* This is to give confi- 
dence to the cultivator regarding assured availability of water so 
as to enable him to plan his agricultural operations well in time. 
They also put up with the longer intervals in between two waterings. 

21* The cultivators have shown willingness to organiss themselves, 
plan and act for better and more equitable distribution of water and 
increased water efficiency. They have come forward and formed a 
v/ater cooperative. The water cooperative named "Dhanori Changa Piyat 
Sahakari Mandli” has been registered. They have by their bye-laws 
agreed to take water on a volumetric basis and distribute it evenly, 
equitably and efficiently amongst their members- It is proposed t o 
charge them 25 Ps. per 10,000 litres from the ensuring season. 

The State Government, to encourage such cooperatives, provides 
assistance in the form of trained operators for the first three 
years as also financial assistance. The projections in respect 
of expenditure and income of the society is given below at Annexe E. 

It may be seen that the society would be financially viable with 
effect from 1985-86. The improvements in productivity, equity and 
induction of community feeling in the entire village will be the 
gains. Unity of purpose and cohesive amongst the cultivators is 
expected to lead to more effective monitoring of the working of 
the system and timely improvements wherever required. This experiment 
and those carried out earlier have led to a large demand for formation 
of the water cooperatives* The State Government has planned to 
finance twenty water cooperatives this year and the demand as against 
that already is 37* 


Annexe A 


JALALPUR SERIES CHARACTERISTICS 

Jalalpur series includes moderately drained, deep, clayay soils 
occuring on nearly level to very gently slopint mid land Having 
1 to 2% slope with slight to moderate erosion hazard. The principal 
surface texture is clay, but silty clay and clay loam are also met 
at places immediately followed by silty clay and clay. The stru- 
cture is medium to scarse subandular blocky wedge shape peds with 
shining pressure faces in subsoil horizon. The colour of the soils 
varies from dark brown, dark grayish brown and very dark brown to 
dark yellowish brown throughout the profile. Lime concretions, 
basalt gravels and ferruginous concretions are found. The lime 
concretions increase alongwith the depth of the profile and at 
places forming compact pan in substratum. There soils has been 
classified earlier in India as “Deep black soils*'. The climate is 
warm humid to subhumid and air temperature is 23°Cwith mean annual 
precipitation of 1650 mins. The associated soils are of Sisodra 
series noncaloarious deep inceptisols. 

Jalalpur series comprises member of fine clayay-montmorillonitic, 
hyperthermic, deep, family or vertic Ustocrets (deep inceptisols). 

Typifying pedon ; Jalalpur clay cultivated field on 1-5% slope (colour 
notations are for dry soils unless otherwise noted) . 


Horizon Depth in cms. Description 

AP 0-17 Dark brown (10 yR 3/3) and very dark grayish brown 

(10 yR 3/2) clay, coarse columnar subangular blocky 
structure, very few fine lime concretions (2-5 mm) 
giving slight localized effevcscegoe with dill 
Hot dry hard, moist firm, wet sticky and plastic, 
fine roots plentiful, few small round basalt, 
neural soil reaction (PK 7.2), diffuse smooth 
boundry. 


B1 17-109 


32 109-132 


Very dark grayish brown (10 yR 3/2), clay, medium 
moderate subangular blocky structure _ with _ faint 
shining pressure faces, dry hard, moist firm, wet 
sticky and plastic, fine roots plentiful, few small 
round basalt, moral soil reaction (PH 7*2), 
diffuse smooth boundary. 

Very dark grayish brown (10 yR 3/2) clay, medium 
moderate angular blocky wedge shape-pads with pror. 
minent shining pressure faces, dry hard, moist firm 
wet sticky and plastic, many irregular lime con- 
cretions C2-5 mm) giving strong efferrescence with 
dil-Hel, few basalt gravels present, diffuses smooth 
boundary, middly alkaline, soil reaction (PPI 7.7). 
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C.Ca 132-172 Dark yellowish brown (10 yR 3/4) clay, loam, 

massive in moist condition, while fine subangular 
blocky in dry condition, dry slightly hard, moist 
friable, wet slightly sticky and plastic, many 
impeded lime concretions (2-5 mm) giving violent 
effervescence with dil-HCL, few basalt gravels 
(1-2 mm) mildly alkaline soil reaction (^PH 7*7) • 

Range in characteristics ; 

Solum thickness ranges from 90 to 135 cm. The dominant soil 
textures are clay, clay loam and silty clay followed by silty clay 
and clay in B horizon and silty loam, silty clay loam and clay loam 
are the texture of premeable yellow soils of C horizon. The colour 
of the soil is dark brown and very dark grayish brown and very 
dark grayish brown to dark gray in the control section followed by 
dark yellowish brown in the subsoil. Soil structure is medium 
moderate subangular blocky peds followed by compact having medium 
aggular blocky wedge shape faint to prominent shining pressure 
faces in the subsoil. Lime concretions (2-5 mm) size, white round 
and irregular few to many are present and increase alon^ith the 
depth and at places in pocket as pan giving strong to violent 
eff evescnnce with dil-HCL Few basalt gravels are present throughout 
the profile. The soil vertically cracks deep and wide during dry 
season. The mean winter and summer soil temperature r^ges, from 
18®C to 27®C with difference between mean summer and mean winter 
temperature is 5°C or more. The soil reaction is neutral in the 
surface soil and gets mildly alkaline in sub-soil. 

Competing series 

Sisodra soils are clayay having CaC 03 not exceeding 20% 

Drainage .and Permeability 

Moderately drained soils with slow to very slow permeability in wet 
condition. 
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Statement showing the Seasonwise/ Yearwise Irrigation (Dhanori 
Change Piyat Sahakari Mandli) 


Year 

Season-wise figures of Irrigation in Ha, 

Khar if 

Rabi 

Hot 

1976-77 

151 

129 

112 

1977-78 

130 

104 

106 

1978-79 

14 2 

122 

117 

1979-80 

121 

118 

113 

1980-81 

128 

108 

106 

1981-82 

132 

138 

128 

1982-83 

168 
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Annexe D 


Operational Schedule of the Outlets/Groups of Outlet of IL 
sub-Minor- 3rd Irrigation 


Sr. No. 

Outlet 

D e s ign/A ctu a 1 

Operation timing , 
H rs . 

IL Sub- 
Minor 

IL-Al i 
1L-A2 1 
1L-B3 ! 

Des ign/A ctu al 

87/146 


IL-B2 

Design/Actual 

54/64 


IL-C, 

Des ign/A ctual 

122/237 


IL-D2 

D es ign/A ctual 

9 2/88 


SZHTHiitSIZING PROD sJGTI’VS. SOCIAL AMD LEGAL RULES FOR EVOLVING 
Al'I AGENCY FOR V^ATER DISIRIBUTION : 

V • R* N3,HC„ 4 IPy** ^ It T32» r*"5 

Executive Engineer (Agril.) ^it ‘Aakl SaW^r 


1. INSTRODUCTION; 

, m ■■ 

Hie objective of an irrigation system, 
constructed and owned by the Government is to help maximising 
agricultural productivity as well as to equitably distribute 
its benefits to the society. Hie Govern r.ent promises such 
actions as are consistant with its intentions within the 
practical limits and expects the society to co-operate so 
as to enable the Government to realise the planned goal. 

Water, which is an input for 'agricultural 
production, must be supplied in adequate cjuantity at the 
right time at tiie f aim level for enabling the crop to make 
best use of water. This will not happen automatically. Cons- 
cious effort is necessary to achieve this, Tno job required 
to do this can be stated as follows, 

6 1, Design of tLis system so as to be able 

to carry adequate quantity of water to 
the farm level whenever required* 

2, Operation of the system so as to distri- 
bute the water as per requirement. 

On farm development works, now being carried out in the 
Command of completed projects ensures 'the physical require- 
ment as per item one mentioned above. 

Hie objective of this paper is to discuss the 
problems involved in doing the second job and to suggest 
the best possible way to organise it. The guiding principles 
for design of a distribution operation is derived from 
considering water as a commodity for productive use which 


Paper prepared for presentation in the 'Workshop on 
Productivity and Equity on Irrigation System' from 
Sept. 21 - 23. 1982 Organised by Giri Institute of 
development Studies, Lucknow, U, P. 
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^ U scdree unless judiciously used and is likely to be 
wasted unless carefully oonyeyed. 

2- QF MATFJl DismTmTTmT ' ' 

is the moct 1 - commonly called •'Warabandi 

of riffht scientific approach for distribution 

cropped plor-^^^ f i^^igation water at right time to each 

organised Instructions, for irrigation in the fo™ TTti^e 
schedule for each -stage of growth involved in the crop produ* 
otion system. Hot only it oontrols use of the precious 
irrigation water hut also it shows clear path for soheduUng of 
other agricultural inputs as crop design in a part and 
parcel of water scheduling. It focuses on the farmer as the 
'er^sion maker m the process of agricultural production 
system and modifies the farmers' attitude, hellef, crop knowl, 
edge, increases the technical know how and develops a tendency 
for a oo-operative behaviour in him by providing a workable 
md practical work chart date wise, ^ doing so, it regulates 
the interactions of Farmers and his Farming system with the 
grioulteai Extension, Irrigation and CAD and Eevenue systems 
in such a way that the resultant of the Interaction is' 

Minimum utilisation of Irrigation water by a farmer for 
a crop in an ■ nt of land for maximising the productivity”. 

Ibis forms the overall objective of the ” Warabandi » 
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job content are either conceptual, Human or Technical in 
nature or a suitable combination there of. Accordingly the 
ollowing 30b chart ( See Annexuce- Ia,Ib & Ic ) has been 
prepared based on e^erience and logical analysis.In addition 
ating has been done for the work load falling in each 
category of job-nature under different disciplenes. 

— * .^^SLATIOM OF T HE PBINCIPLBS INTO ah AGEHOY . 

It may be seen from the above analysis that a hei- 
rarchy is needed in each of the participating disciplenes for 
enabling themselves to develop their knowledge and organisation 
with the development of the concept of "Warabandi » . Therefore 
to.e, concept of a single agency embodying personnel from different 
disciplenes will fail to fulfil the major part of the objectives. 

Alternatively, a plan, that consists of as many 
vertically parallel agencies as the number of disciplenes 
involved in the 30b put parallelly together is adopted, Since 
the job needs operatives at several levels, even numbers of 
horizontal tiers are provided ih each hierarchy. (See Annex,-II ) 

-i.e usual difficulty of operating an agency 
constitued of loosely knitted but relatively independent hier- 
arch^.G^- is overcome by assigning the primary role to the one 
who has the largest job content while others, by administrative' 
arrangement, may be made to participate in the operation by 
horizontal communication at the corresponding level. This coo-^ 
peration may be poor in the beginning but will develop gradually 
as the knowledge on the subject grows. The development process 
Will be triggered by the discovery of the reasons of scarcity 
of water at some of the outlets when scheduling would be 
attempted. ' 

The graphs shown in 1 to 1+ (Annexure -III ) will 
show that the largest job content is far the Agrl. Engineering, 
Organisation.. Therefore the primary agency is suggested to 
consist of an hierarchy of Agril. Engineers. As far as the 
othur agencies are concerned no new personnel are proposed ' 

for them because their role actually boils down to provide 
only information necessary for preparation of the schedule, on 
to do their work better and more expeditiously. ' , . , . 
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Since the primary agency will consist of Agril* 

Engineers the State Government norms for an Engineering 
hierarchy may he followed to constitute the proposed agency 
for 'administrative conveience, The field level staff component 
shall, however he decided, based on the Job requirement. It 
is proposed asfollows;- 

There shall he one Irrigator, who shall he a part 
time employee for six months a year, for every 75 Hects. His 
job shall he_ to open and close the gates is per the approved 
schedule and to sense and report any brouhjo arising in course 
of the job, to his supervison. 

The full time employee at t'V- rield level -will he 
designated as • Warabandi supervisor, ' wr..' shall supervise 
the work of five irrigators or work o/er 375 Hects.. He shall 
he the primary agent for field ccoervaticnf collection of data 
necessary for preparation of the scIiGdule and for its 

enforcement. On noticing any sort of ho shall initiate 

solution. If the problem as limited bo oli:- pc.rple of single 
village he shall convene a meeting o:f tie villagers, if it 
is concerning neighbouring villages he shall coxivena a meeting 
of the representatives of all villages which are x:ervo d by a 
single Minor /Viater course and shall try to resolve the issue 
He may invite the canal supervisor to these meetings if he 
finds it necessary. He shall have a above him to 

be supervised by. 

One J,E,/S,A.E, shall supervise the work of 8 
■Warabandi supervisors on work for distribution over 3OOO Hect* 

The draft warabandi schedule shall be prepared at his level. 

The norms for organisational pro^;;crtion of an 
Engineering Division may he followed "cr deciding the number 
of Engineering personnel- at levels higher than phat of the J.E,/ 
S,A.E, The proportion of I.E.: A.A.E. : E.E.. in a division is 
equal to 16 J V ; 1 . Therefore there shall be one maintenance 
and warabandi division for every 48,000 Hects. This shall be 
the primary agency to do the job of distribution at , the out 
let level* Such an heirarchy shall cost about Rs, 75 /- per 
Hect* annually, 
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The basic strategy of the operational plan is to 
distribute the responsibility between the different agencies 
so as to enable them to look at the problem from different 
angles, equally spaced from each other to con^lete an allround 
vision of the problem. In so doing they will not only coinple^i 
raent each others effort but also will see the shortcomings in 
others as a measure of self defense against their ownfallureS|l 
The cross-check is expected to help in dispensing the night 
service to the farmers, 

.The. Primary agency to plan, obtain anoroval & ooeration. 


The Agricultural Engineering Organisation which is 
trained to under stand both the .Ehgineering as well as. 
Agricultural need of farm level Irrigation, shall be primarily 
responsible for planning and distribution of water at the 
outlet level. It shall, however be on one hand, supported by 
the Agricultural Extension agency, for development of a 
desirable but pra-ctical cropping plan on which the distrib^ 
ution schedule is to be, based, and by the Irrigation Department^ 
on ther ether lor ensuring supply of adequate quantity of 
water at the h:ad of the Minor/Water course on which .the 
outlets are located. This agency shall get the schedule 
approved at the appropriate level as per the provisions under 
the Act after checking up with the farmers. 

Farmers Organisation and its involvement in the i)rocess 
of distribution of waterT 


The village consolidation committee shall be gonvern 
ted to an irrigation committee or another irri^tion Gommltitee 
will be formed who will be the official link between the 
farmers and the iigricultural Engineering Organisation for the ' : 
pxiTpose fi al acceptance of the schedule, Ihe later j throujgh j 
suitable field staff shall ensure delivery of the planned ■ 

quantum of water to each farmer, who shall remain present in 
the field to do the actual irrigation in their respective fields. 
In cases where action of famers of one village causes sdaroity 
in another viALage ; as is the case between two village t 



Ihe basic strategy of the operational plan is to 
distribute the responsibility between the. different agenodes 
so as to enable them to look at the problem from different 
angle Sj e (dually spaced from each other to complete an aHi*oun( 
vision of the problem# In so doing they will not only ccmple^p, 
ment each others effort but also will see the shortcomings in 
others as a measure of self defense against their ownfailures^ 
Ihe cross-check is expected to help in dispensing the night 
service to the farmers. 


The village consolidation committee shall he 4 jonver^p. 
ted to an irrigation committee or another irrigation committee 
will be formed who will be the official link between the 
farmers and tl:e agricultural Engineering Organisation for the 
purpose of final acceptance of the schedule. The later j thro^lih 
suitable field staff shall ensure delivery of the planned 
quantum of water to each farmer, who shall remain present in 
the field to do the actual irrigation in their respective fields^ 
In cases whore action of farmers of one village causes scjarcity 
in another vi3.1age ; as is the case between two village 5 
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served dy the same minor a form for sitting together with 
the representatives from each village shall be organised, 

Besolving water disputes & the Mechanism for sensing the 
reasons thereof & lih&ing with the approDriate agency. 


Besolving water disputes, which arises in the field 
due to various practical reasons is an important part of 
successful distribution programme. These disputes may be 
due to. impractical cropping plan, incorrect preparation 
of schedules, non-availability of planned quantity of water 
at the head of Minor /Mater course, damages occuring in si^jply 
canals and field channels and last but not the least, due to 
non co(|operative action of one- or more under sirable social 
elements. Besolving these disputes not only has to be done 
in a legal manner and b;?- appropriate authority constituted 
for the purpose but also there should be provision for sensing 
the basic reasons of such disputes so as to prevent their 
recurrance in future. In addition the reasons for occurance 
should he suitably linked with the organisations responsible 
for and capable of preventing recurrance of such difficulties. 


The society, as tne user, is constituted of non??coh' 
erent elements, each ono of whom is self seeking as far as 
use of water is concerned and therefore unless otherwise 
controlled, would misappropriate the available water at the 
cost of others. 


On the other hand, the Government as the guardian 
of the society, promises for equite^ble distribution of water 
so as to enable each element to be as nJ.ghly productive as 
possible according to a logical plan,, 'Hoorerore j a code of 
conduct has been prescribed in the form of ict and Buies to 
impart legal footing to the provisions t '- enab.le the Government 
to dispense justice.- in case of disputes between the benifici- 
aries and control delinquents in toe society. This Act along 
with the rules under it, then becomes r.bo guideline to the 
operation and therefore the design of any action, or agency 
must conform to the provisio.n3 c.f th .3 
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Ilie Orissa Irrigation Act 

provides that » All supply of water : 
shall be subject to such rules or orders 
or issued by the state Governtnent 
respect to rdtesj conditions 
The rules 
framed under 


' 1 yp y under sec tion 20 
from an Irrigation worh 
as may be prescribed 
from time to time with 
j or any other matter,'* 
supply under this section have been 
II Orissa Irrigation Rules 196I " which 
mainly touch the three following aspects, through which the 
pronjises and expectations of the state find ej^pression. 

(1) The promise for supp 3 .y of water is mainly related 
to the base period of staple cereal cror. 
grown in the area, 
is charged on the 
culturable and is 
grown or not, Supp 
are subject to sen 
( usually the Taha 
Collection) 

water tax is.pa3/-able for that 
being rice the promise for the 
for 28" (70 eras) of 

(ii) The rule 


wnerner unis crop is 
to crops in other seasons 
■ion of the irrigation Officer 
Idar, who is in-charge 'of Tax 
appointed for the purpose. Additional 

■ The staple crop 
major projects is 
supply from June to Rovember,; 

s also promise for providing scope for 
adoption of crop patterns, operation of a supply ' 
schedule in agreement with the farm.ers and to 
ensure supply of the scheduled quantity at the 
outlet level, but only after such a production 
prograiBtne is applied for by ea.ch a,nd every 
individual fanner and is duely sanctioned* In 
practice, howevor, no-body applies, no crop plan 
is done and approved, no schedule is prepared and 
operated. Therefore nobody can sue the Government 
for failure of fulfilment of its nromises. Thp 
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been left to the fanners 
they can. 

Agency respo n sible for enforn ing 
a re sent si tuat i on T 

The Agencies for fulfilli 
promises on behalf of the Government 
Irrigation Departments at the Projeo 
It appears tha« the reaso: 
job to Revenue Department is because, 
taxes, they are supp^osed to deal wii 
connected with irrigation offences., \ 
chief reasons for scarcity in the ta; 
however, the Revenue be-n ‘Pf'.vnc.n'h 1 
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of not beln. *>as the basic drawback 

cause of concern for every body i e n i^r^a. ^ 
of people are di qf>nn-f-or,+ V ^ ’ * * Not only a large number 

water lot ^fsoohtent against levy of water taxes without 

ter but a major portion of the Command realiv t.<= • 

productive", really remains under 

it is all \bhe more necessary, that a 
-^tituted for sucassfi 

7 • The Synthe'qj R ^ 

h„+. ^ ^PP^^’ont that the 3 Ob of water dlstrl. 

ution has primrily three faosto-produotlye, Social, and Legal 

B «:r:^’or“ <=“ »^-ely Lit to nL^^L’ 

ifferent organisations must exist side by side 

^ Ihe problem is the one of synthesiziL their actions 

add«lll“u'n"wor" B If te - ‘ 

nuu Junction . It is the one, in v/hich all particitipt-in^x 

agencies find a means to do their own 30b better fd 2T 

hi ^.mparting more weight to one of their own 

problem which should be solved to render Warabandl more ef ecllve 
his is saught to be done through a series of ^ 

committees constituted at different levels of operation. These 
are proposed to be as follows s- 

level Irrig ation Committee 

ibis committee is to be converted . from Consolida- 
tion Committee or a new Committee is to be 
constituted . In case of a village having more' 
than one outlet at least one Member from each 
outlet shall represent. in the committee . The 
Warabandl Supervisor shall be a member and Convenor 
of this Committee , 

Minor Level/Inter village CommittAP 

This committee shall be constituted by taking two 
Members from each village Irrigation Committee from 
those villages which are served by a single Minor/ 
Sub-minor . The canal supervisor and the Warabandl 
Supervisor shall also remain members of this 

committee , The Warabandl Supervisor shall be the 
Convenor . 
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At upper levels the constitution of committees shall he as 
follows s- 


3t Section levol. ’ 

Section Officer (Viarabandi) 

^ Irrigation Section Officer. 

Revenue Inspector. 

Agril. Extension Officer. 

0 

Sub-Division level 

Assistant Agricultural 
Engineer . 

Assistant Engineer ^ Irrigation, 
Tahasildar . 

Additional District Agricul- 
ture Officer or District 
Agriculture Officer. 


Member j 
Member, 
Member . 
Member , 


Convenor 


Member^ Convenor 

Member . 

Member , 


Member , 


^ • division Level . 

Executive Engineer (Warabandi) Member Convenor. 

Executive Engineer (Irrigation) Member. 

Deputy Director of Agriculture Member. 

Additional District Magistrate, Member. 

6* Authority Level . 

aie Governing board shall discuss and resove 

the issues. However it may appoint a Committee 

for the purpose. 

Ihis meeting wi3J. sit one a month during the 
Warabandi operational period, if needed an emergency seating 
can be req^uisitioned by the Executive Engineer (Marabandi^, 
f. Conclusion . • 

It is evident from the foregoing discussions 
that the job of water distribution is a complex but highly 
evolving job. Many of its intricate problems are suppressed 
and are not evident at present because there is no agency to 
take care of it. 

therefore j it is expected j that once an agency 
is constituted for the purpose, not only it would call for 
higher level of technical operation but will need a highly 
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organised, mediiim to solve the problems* 

Iherefore, enough room should be provided 
not only for the needed technological evolution but also 
for considerable flexibility for reconstrituting the 
3.gency and its function as the situation would demand* 


chart for warabandi including rating 
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iearpl^nrttn^ of tb« croppir^ 
i» aonit tb« 
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